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SUMMARY

The Unified Tri-Service Cognitive Performance Assessment Battery (UTC-PAB)
is the primary instrument for the assessment of cognitive performance in a
multiple level drug evaluation program (The Military Performance Working
Group, 1983). The UTC-PAB consists of a computerized test system (see
Hegge et al., 1985 for a description) and supporting documentation, The
present report provides literature reviews and sections on methodology for
each of the 25 tests that were selected by the Tri-Service Joint Working
Group on Drug Dependent Degradation of Military Performance (JWGD3
MILPERF). The report by Englund et al., (1985) presents the historical
overview of UTC-PAB construction, the rationale, ard criteria for test
selection and a framework by which to organize the 25 tests.

This report presents the organizational scheme that was proposed by Englund
et al. (1985). In addition, the following sections are provided for each
test: (a) Purpose, (b) Description, (c) Background, (d) Reliability, (e)
validity, (f) Sensitivity, (g) Technical Description, (h) Trial Specifica-
tion, (i) Data Specification, (j) Training Requirements, and (k) Instruc-
tions to Subjects. The organization scheme and the detailed information on
each test can be used to select tests that meet specific research
requirements,
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Section 1
INTRODUCTION

The Unified Tri-Service Cognitive Performance Assessment Battery (UTC-PAB)
is the primary instrument for the assessment of cognitive performance in a
muitiple level drug evaluation program (The Military Performance Working
Group, 1983). Figure 1 illustrates the relationship between the UTC-PAB
and the entire drug testing program. The UTC~PAB is one of the test
instruments that will be used during the level 2 testing phase. Figure 2
shows the relationship between the UTC-PAB and other test instruments to be
used during level 2 drug testing (Perez, 1985). In addition, this figure
illustrates the fact that the UTC-PAB will consist of a computerized test
system ara supporting documentation (Hegge et al., 1985). The present doc-
ument presen®s the 25 tests that were selected by the Tri-Service Joint
Working Group on Drug Dependent Degradation of Military Performance (JWGD3
MILPERF). The report by Englund et al. (1985) presents the historical
overview of UTC-PAB construction, the rationale and criteria for test
selection and a framework by which to organize the 25 tests. The framework
proposed in the above report will be presented in this document; nowever,
the reader is advised to read Englund et al. (1985) for information
regarding the formulation of the UTC-PAB.

The framework that was selected is based an two dimensions that are parti-
cularly critical to the assessment of drug effects on cognitive perform-
ance: (a) the stage of information processing which is most markedly
affected by the demands of the task, and (b) the requirement to divide or
selectively employ attentional capacity between sources of information.
Several major functions can be distinguished within the stages of pro-
cessing dimensions. These include perceptual input functions, such as
information detection and identification; central processing functions,
including a variety of memcry and information integration/manipulation
functions; and, motor output or response execution functions
(Shingledecker, 1984), Integration and manipulation functions within
cent-al processing can be further subdivided into those based on symbolic/
linguistic forms of information versus those involvirg spatial information.
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Table 1 presents the framework presented by Englund et al. (198%) for
organizing the tests within the UTC-PAB. This framework was presented as a
guideline for selecting subsets of tests from the UTC-PAB for particular
applications. For example, one typical use of the battery would consist of
an initial overall screening of the effects of a drug on major information
processing functions, followed by a more extensive and diagnostic evalua-
tion of those functions which proved to be degraded during the ipitial
screening. In most applications, it is desirable that an overall or global
screening be conducted with a subset of tasks that are representative of
the major processing functions listed under Table 1. The following is one
example of a subset of tests that could be used in an initial screen:

EXAMPLE OF AN INITIAL SCREEN

Memory Search

Mathematical Processing

Successive Pattern Comparison

Unstable Tracking

Memory Search/Unstable Tracking Combination

The above subset is one of several options that would represent the various
stages of processing functions included in the framework. Future research
with the UTC-PAB may result in the formulation of a core subset of tests to
be used for the evaluation of druyg effects on cognitive performance; how-
ever, such a core set of tests cannot be recommended at this time due to
the lack of empirical data.

Depending upon the pattern of results from the initial global screening,
particular functions could be selected for further investigation. For
example, if the global evaluation outlined above indicated that the Memory
Search and Mathematical Processing tests were principally affected by a
particular drug, the memory and symbolic information manipulation/
integration functions would represent inportant candidates for more exten-
sive and diagnostic investigation. This investigation would be accom-
plished through the choice 2f additional subsets of tests from the memory
and symbolic information manipulation components of the UTC-PAB.

10
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TABLE 1. UTC-PAB ORGANIZATION SCHEME

I. PERCEPTUAL INPUT, DETECTION, AND IDENTIFICATION

II.

111,

IV.

Visual Scanning Task (16)

Visual Probability Monitoring Task (18)
Pattern Comparison (Simultaneous) (14)
Four-Choice Serial Reaction Time (8)

CENTRAL PROCESSINE

Auditory Memory Search (Memory Search Tasks) (10)
Continuous Recognition Task (7)

Code Substitution Task (17)

Visual Memory Search (Memory Search Tasks) (10)
Item Order Test (26)

INFORMATION INTEGRATION/MANIPULATION--LINGUISTIC/SYMBOLIC

Linguistic Processing Task (2)
Two-Column Addition (5)

Grammatical Reasoning (Symbolic) (4)
Mathematical Processing Task (6)
Grammatical Reasoning (Traditional) (3)

INFORMATION INTEGRATION/MANIPULATION--SPATIAL MODE

Spatial Processing Task (11)

Matching To Sample (25)

Time Wall (19)

Matrix Rotation Task (Spatial Processing Task) (11)
Manikin Test (13)

Pattern Comparison (Successive) (195)

V. OUTPUT/RESPONSE EXECUTION

VI,

NOTE :

Interval Production Task (20)
Unstable Tracking Task (23)

SELECTIVE/DIVIDED ATTENTION

Dichotic Listening Task (22)

Memory Search/Unstable Tracking Combination (24)
(Sternberg-Tracking Combination)

Stroop Test (21)

The number following the test name corresponds to the sections
in this report.

—_—
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The present report provides extensive documentation for each test in the
UT(.-PAB to ald in the selection and interpretation of test results. The
following sections are included for each test:

¢ Purpose

e Description

e Background
o Reliability
o Validity

e Sensitivity

® Technicai
Description

o Trial
Specifications

o Data
Specification

e Training
Requirements

® Instructions
To Subjects

A brief statement indicating the cogmtive funrtisn
which tne cest evaluates {e.y., working memcry, motor
response processing, etc¢.).

A nontechnical description of the test whicn outlines
the subjects' task.

A thorough literature review of the test.
Information pertaining to test-retest reliability.
This section focuses on a test's construct validity,

Information regarding the uses of UTC-PAB tests (or
equivalent versions) in the areas of behavioral toxi-
cology, behavioral drug testing, environmental stress
research. ‘

A description of the test with sufficient details for
the development of computer programs.

A step by step description of each trial in a test..

The nature of the data generated by a test. In addi-
tion, cautionary statements with respect to parametric
properties or violations are provided when rieeded.

If possible, information indicating the number ot
trials required to reach stable levels of performance
are presented. However, this type of information is
not available for many of the tests in the UTC-PAB. In
addition, recommended procedures for familiarizing sub-
Jects with the tests are presented.

Detailed instructions to subjects are provided. It is
important to standardize the instructions to subjects
since significant variations in responses can be
obtained by varying instructions (e.g., vary speed
accuracy requirements).

It should be noted that the tests in the UTC-PAB were selected from test
batteries that had been in existence within DoD for some time. These
original test batteries are still in use within the DoD research conmunity
and are undergoing revisions, For example, the Unstable Tracking,
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Continuous Recognition, and Probability Monitoring tests have undergone
significant revisions after the specificacions for these tests were sub-
mitted to the JWGD3 for inclusion in the UTC-PAB. The above modified tests
represent significant improvements relative to the versions that were orig-
inally included in the UTC-PAB. However, these modified test versions were
Just recently validated and we were unable to include them in our present
documentation of the UTC-PAB. Infommation regarding these modified tests
is presented in Appendix A to this report.

This document represents an initial effort to integrate and standardize
cognitive performance assessment for the screening of chemical defense
treatment and pretreatment drugs. The UTC-PAB represents a "menu" of tests
from which to select those tests that meet specific research require-
ments. The organization scheme that was presented earlier can be used as a
guideline for selecting tests; however, this is just one of many different
organizational schemes that could be proposed and should not be interpreted
as the "model" for the UTC-PAB. Documentation for the UTC-PAB should be an
ongoing effort that incorporates the results of the JWGD3 drug evaluation
program. Tests that are currently in the battery may be modified or
deleted and new tests may be introduced to meet the demands of the drug
testing program (e.g., additional tests that address selective/divided

attention).




Section 2
LINGUISTIC PROCESSING TASK (UTC-PAB TEST NO. 1)
(VISUAL AND SEMANTIC CODING)

PURPOSE

The purpose of che Linguistic Processing Task is to test a subject's abil-
ity to code linguistic information at diffaren. depths of processing. The
task places variable demands upon the resources associated with the pro-
cessing and transformation of linguistic information.,

DESCRIPTION

This task is a synthesis of Posner and Mitchell's (1967) letter match task
and generic depth of procassing tasks (e.g., Craik and Tulving, 1975). It
is a standardized loading task which requires classification of letter or
word pairs. Letter or word pairs are presented on a CRT, and subjects are
instructed to respond "same" if the items match on the dimension in ques-
tion or "different" if otherwise. Three levels of task demand are imposed
by the following classification rules: Physical letter match, in which
letter pairs mist be physically identical to match (low demand); category
match, requiring that both letters are either consonants or vowels (mod-
erate demand); and antonvm match, in which only words opposite in meaning
constitute a match (high demand). Each set of trials lasts three minutes.

BACKGROUND

Posner and Mitchell (1967) designed an experiment that provided an opportu
nity to observe processing at different levels within the same paradigm.
The goal of the study was to find levels of processing that depend prima-
rily upon the physical attributes of the stimulus and leve!s which depend
upon a more detailed analyses such as naming or relating to a subordi-
nate. In the experiment, the stimuli were pairs of letters, digits, or
forms and the subject was always pressing one of two keys ("same" or "dif-
ferent"). The subjects were instructed to classify the stimulus pair based
upon some predetermined rule. There were three different levels of

14



classification rules. The instructions used to define "same" were physical
identity (e.g., AA), name identity (e.g., Aa), or rule identity {e.g., both
vowels). The experiment was designed to detenmnine it the different levels
of instruction produced orderly differences in the rate at which subjects
made the classification.

Pairs of capital and small case letters were visually praesented simulta-
neousiy to the subjects. The subject then classified the letter pair based
upon one of the three rules. The letters remained present until the sub-
Ject responded by pressing a switch, Level 1 instructions were to classify
each pair of stimuli "same" if they were physically identical and "dif-
ferent" if they were not. Level 2 instructions were to classity letters
"same” if they had the same name and "different" if they did not. Level 3
instructions were to classify letters “"same" if they were both vowels or
both consonants and "different" if they were mixed. The subjects were
instructed to classify each pair as rapidly as possible, trying to keep
erirors to a minimum. Reaction times from stimulus onset until response

were recorded.

The results showed a significant effect of classification rule. Different
instructions led to significant differences in mecan RT. A second experi-
ment (directly comparing levels 1 and 2) demonstrated a significant dif-
ference in mean RT, with level 1 RTs shorter, Based on the obtained RTs,
the authors infer three different processing nodes. The first is based on
physical identity and includes letter pairs that are identical in form.
This type of match is believed to be free of prior learning effects. The
second node is based on name identity. This involves matching letters
which have no obvious physical similarity so that the subject must derive
something like the name of the letter in order to make the match. Since
matches based on a common name were found to be reliably faster than those
based on a common rule (vowel-vowel or consonant-consonant), rule identity
was considered as a third node or level of processing.

The depth of processing framework for human memory research was expanded on

in a series of experiments by Craik and Tulving (1975). Uepth of process-
ing here refers to yreater deygrees of semantic involvement. Subjects were

15
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induced to process words to different depths by answering various guestions
dbout the words, For example, shallow encodinys were achieved by dskiny
questions about typescript; intermediate levels of encoding were accom-
plished by asking questions about rhymes; deep levels were induced by ask-
ing whether the word would fit into a given cateyory or sentence frame,
After the encuding phase was completed, subjects were unexpectedly yiven a
recall or recognition test for the words. In general, deeper encodinygs
w0k longer to accomplish and were associated with higher levels of per-
formance on the subsequent memory test. Also, questions leadiny to posi-
tive responses were associated with higher retention levels than questions
leading to negative responses, at least at deeper levels of encodiny,

In the experiment, a different word was exposed on every trial, Before the
word was exposed, the subject was asked a question about the word. Three
types of questions were asked: (1) An analysis of the physical structure
of the word was affected by asking questions such as "Is the word printed
in capital letters?" (2) A phonemic level of analysis was induced by asking
about the words rhyming characteristics. (3) A semantic analysis was acti-
vated by asking categorical questions (e.g., Is the word an animal name?).

Results showed that response latency rose systematically as the question
necessitated deeper processing. Questions about the surface form of the
word were answered comparatively rapidly, while more abstract questicns
about the word took longer to answer. Same responses took 591, 614, and
689 milliseconds (msec) for physical, name, and category matches respec-
tively. No significant differences between same and different responses
were found, This research provided further support for the notion that
memory performance depends on the depth to which the stimulus is analyzed.

Subsequent studies involving the linguistic processing task have examined
the manipulations of various stimulus variables on encoding times and
depths of processing. A few of these studies will now be described. An
experiment conducted by Posner et al. (1969) varied the match type (physi-
cal same, name same, different), and the (ISI) interstimulus interval (0,
.5, 1, or 2 seconds) in a letter match paradigm. Reaction times were
recorded as the dependent measure. The results showed a significant

16

SR Sl i . AN F LA A I L M S VR e S O e A BR AT M




R S B r ARt b AR LAt R 7t A k. . i & —— 2 e 1

interaction between the same match types and ISI. The difference in
reaction time between physical and name matches decreases with increases in
ISI. Posner et ai. (1969) concluded that matches based on visual informa-
tion {physical) becomes relatively less eft{icient over time, possibly
because: (1) the visual code loses clarity, (2) visual cues lose saliency
over time, or (3) the name information becomes more efficient.

Judyements of same typically have a shorter response time than judgements
of different (Krueger, 1978). Also, when subjects are required to match on
the basis of name, the judgements that the target stimuli have the same
name is more rapid when the stimuli are physically identical than when cne
of the targets is the upper--and the other is the lowercase version of the
letter. This difference in latencies between same and different judgements
is attributed to response competition between name codes. The response
competition model of simultaneous matching tasks attributes the longer
latency for different judyements to a greater degre:2 of response competi-
tion when the stimuli to be matched are different. Response competition
was found to be a significant factor in detemining differences in latency
for same/different responses to physical matches (Eriksen, 0'Hara, and
Eriksen, 1982). This was not proved, however, ‘or name matches (Eriksen

and 0'Hara, 1982).

Many experiments involving the letter match cask have focused on the dif-
ferences in reaction time between physical and name matches. For example,
Kirsner, Wells, and Sang (1982) examined ‘he effects of different typefonts
on RT in a letter match task, In the study, RT was found to decrease with
increasing similarity of font. Visual as well as acoustic confusability
has also been tested by Thorson, Hochnaus, and Stanners (1976). 1In this
letter matching task, letter pairs were presented that were either visuaily
confusable, acoustically confusable, or both., The effects on RT were exam-
ined. Results suggested that visual coding is emphasized for approximately
1 second, after which acoustic code seems to dominate,.

In some versions of linguistic processing tasks, words are matched instead
of letters. Marmurek (1977) investigated the differences in processiny
between words and letters in this type of task. In the study, subjects
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indicated whether two letters; two words, or a letter and the first letter
of a word were the same. Letter targets were matched more quickly than
word targets when the stimuli were presented simultaneously. However, when
a 3-second interval separates target and comparison presentation, word tar-
gets are matched more quickly than a letter and a letter in a word. These
findings support a level of processing model of word processing. lIdentifi-
cation of letters occurs at a "lower" level of processing, while an entire
word can ba encoded as a unit at a “"higher" (more elapsed time) level of
processing. Words, however, take longer to process than letters regardless
of the classification rule imposed.

Both words and letters were matched in a version of tha linguistic process-
ing task developed by Shingledecker (1984). This task combines letter
matching tasks (e.g., Posner and Mitchell, 1967) with depths of processing
tasks (e.g., Craik and Tulving, 1975). Three significantly different
demand conditions are imposed by the following classification rules: phy-
sical letter match in which letter pairs must be physically identical to
match (low demand); category match requires that both letters be either
consonants or vowels (moderate demand); and, antonym match in which only
words opposite in meaning constitute a match (high demand). These condi-
tions have been shown to place variable demands upon mental resources
associated with the manipulation and comparison of linguistic information.

The UTC-PAB version of the linguistic processing task is identical to that
of Shingledecker (1984) described above. This task utilizes the physical
and category classification rules as found in Posner and Mitchell (1967)
but not the name match., Although significant differences in response time
have been determined between physical and name matches, experimenters do
not agree that visual and phonetic coding involve independent processing
and depths of processing. Category match and antonym match have never been
compared in the same experiment except for the Shingledecker (1984)

study. Processing of words has been shown to be a higher level than let-
ters and is accompanied by longer response times (Marmurek, 1977). Also,
determining the antonym of a word requires higher level thought (deeper
processing) than determining the relationship of two letters as vowels or

consonants.
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RELTABILITY

No reliability studies (e.yg. test-retest) have been pertormed on the
current version of the UTC-PAB linguistic processing task. However, a
reliability study involving the three levels of processing of the Posner
letter matching task has been conducted and will now be described.

Harbeson, Kennedy, Krause, and Bittner (1982) perfonmed a repeated measures
analysis of Posner's letter matching test for its inclusion in the Perform-
ance Evaluation Tests for Envirommental Research (PETER) battery. In the
experiment, 21 subjects were tested for 15 minutes per day for 15 consecu-
tive work days. Subjects were to make same or different judgements on
pairs of letters based on three criteria. Letters were classified by phy-
sical appearance (AA versus AB), name identity (Aa versus Ab), or category
{both vowels or consonants such as AE or BC versus not matched, such as
AB). There were 36 trials per day in each of the first two conditions and
32 in the third. The number of trials was sufficient to observe means at
asymptote, and provided sufficient data fer tests of the stability of var-
iances and correlations. The interstimulus interval was approximately

4 seconds. Dependent measures included response times for each condition
for same judgements, response times for all different judgements, two
difference scores, percent errors, and mean error times. Means, standard
deviations, and cross session correlations were calculated for each

ineasure.,

Response times to the task stabilized after 8, 10, and 12 days for name,
physical, and category matches respectively. Reliability coefficients were
.81, .83, and .89 for physical, name, and category matches respectively.
A1l three measures were also very highly correlated (physical-name, .99;
physical-category, .90; name-category, .94). The authors concluded that
since these measures appear to be redundant within tests, the Posner letter
matching task would be suitable for repeated measures (environmentai)

testing.
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VALIDITY

The linguistic processing task rdoes seem to test a person's ability to
encode information at different levels of processing. The finding that
different levels of proressing are defined by the physical, naminy, and
categorical classification of a stimulus has been well established 1n
numerous letter match investigations. The level of prucessing framework
developed by Craik and Tulving (1975) has also established itself as a
valid approach to explaining memory processes. In all studies, the higher
the level of encoding of the stimulus (more deeply processed) the longer
the response time to a comparison of the words or letters. The physical
classification of stimuli and the classification of both vowels or both
consonants versus one vowel and one consonant have been validated within
the same experimental paradigm. Antonym matches have not been used in this
type of task to any great extent and their relation to the other two levels
has not been established.

SENSITIVITY

The linguistic pracessing task has not heen used in studies investigating
the effests of environmental stressors. However, the reliability and
validity of the test, as well as the levels of processing model, provide a
framework for deriving predictions with respect to the effect of stressors
an cognitive processing, Performance on the task should break down as a
function of the level of processing. That is, under environmental stress
deeper levels of processing (antonym matching) would be predicted to be
interfered with first. As more stress is experienced, the performance of
Tower levels of processing should also deteriorate (category match and then
Fhysical match). Investigations supporting these predictions are lacking

at this time.

TECHNICAL DESCRIPTION

Letter pairs to be presented for the physical identity and category match
rules are selected from the population of all possible (64) combinations of
botn upper and lower case versions of the letters A, B, C, and E. Same and




different letter peirs are randomly generated with equal probability.
Antonyms were taken from Roget's Thesaurus. Individual words composing the
antonyms are paired with both matching and nommatchine words throughout
testing., Letters presented are approximately .5 by .7 cm and are viewed
from a distance of roughly 62 cm. Same and different responses are entered
on appropriately labeled keys.

A maximum response time or “deadline" is imposed in each condition. Stim-
uli are displayed until the subject responds or until the deadline is
reached, thus allowing stbjects to pace themselves within the restrictions
imposed by the deadline. During training, the deadline is set at 15 sec-
onds for all conditions. More restrictive deadlines are used on testing
trials. For the physical identity match condition, the testing deadline is
1 second; for the category match condition, 1.5 seconds; and for the
antonym match conditon, 1.5 seconds. Subjects are instructed before each
set of trials as to which classification rule (physical, category, or anto-
nym) they will be using for that trial. Each set of trials lasts

3 minutes.

DATA SPECIFICATIONS

Unprocessed data are collected and stored on all trials. These data will
be a record of: (1) trial start time, (2) problem onset time, {3) subject
response (match or nonmatch), and (4) response latency in msec,

From these raw data measurements the following summary statistice can be
computed for each trial: (1) number of problems presented, (2) number and
percent correct responses, (3) total percent errors, (4) percent errors of
omission (fatlure to respond before deadline), (5) percent errors of com-
mission (incorrect response), (6) mean and median correct response time,
and (7) standard deviation of response time.

TRAINING REQUIREMENTS

Depending upon the condition beinyg tested, trials begin by givirg subjects
the appropriate rule to be used in determining whether or not the letter or
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word nairs constitute a match (physical identity of the stimulus letters,
both vowels or both consonants, or opposite meaning ot words). Subjects
are tuld to respond as quickly and accurately as possible. Major practice
effects are attenuated with five to 10 3-minute training trials at each
loading level {Shingledecker, 1984).

To summarize, the training phase for this test should consist of the
following steps:

1. Read instructions to the subjects.

2. Run practice trials and evaluate subjects' pertformance to ensure that
the instructions are being followed.

3. Repeat the practice trials if it appears that the subjects require
additional practice with the test.

4. Run the experimental trials. Note, if the tasks are being run over

several sessions on this test, one may omit the practice trials after
the first session.,

INSTRUCTIONS TO SUBJECTS

This task requires you to classify pairs of letters or words as “same" or
“different” on the basis of their shape, grammatical category, or mean-
ing. In one level of the task, pairs of upper or lower case versions of
the letters A, B, C, and E are presented one at a @ime on the screen, and
you are to decide whether the two letters are physically identical. If the
stimulus pair AA was presented, you would respond by pressing the key
labeled "same," since the two letters have exactly the same shape. It you
saw Aa you would respond to the "different" key. Although both letters are
As, they have a different shape. This level of the task is called the
“physical identity match."
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Another level of the task is called the “category match." Pairs of upper
and lower case versions of the letters A, B, C, and E are again shown one
at a time, and you must decide whether both of the letters are vowels or
both consonants ("same") or whether one letter is a vowel and the other is
a consonant ("different"). As an example, EC would be "different,” since E
is a vowel and C is a consonant. Bc would be "same" because both B and C
are consonants,

The third level of the task is known as the "antonym match." In this con-
dition, pairs of words are presented together on the screen, and you must
decide whether the words are opposite in meaning ("sme") or not ("differ-
ent"). For example, the words LAWFUL-CRIMINAL have the opposite meaning,
and you should respond "same." ETERNAL-NONSENSE are not opposite in
meaning, so a “different" response would be correct.

The task is performed in 3-minute trial periods. You start the data col-
lection when you are ready by pressing either of the response keys. Stim-
uli will appear one pair at a time, and you should attempt to respond as
quickly and accurately as possible. As soon as you enter a response, the
next problem will appear. Respond as quickly as you can when answering
each item, but if you find yourself making errors, slow down. You should
try to get every item right. Three minutes after you press the response
key to start the trial, the task will automatically stop and the screen
will go blank.
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Section 3
GRAMMATICAL REASONING (TRADITIONAL) (UTC-PAB TEST NO. 2)
(LOGICAL REASONING)

PURPOSE

The purpose of the grammatical reasoning test is to measure the subject's
general reasoning ability. This test is a type of sentence verification
task that taps the processing capacity of working memory. Furthermore, it
is known to be sensitive to environmental stress, pollutants, and the
effects of sleep loss.

DESCRIPTION

During this test, pairs of letters (AB or BA) and a statement about their
sequential arrangement are presented to the subject. The subject's task is
to detemine whether the statement and letter pairs match or fail to

match. For example, if a subject was presented with the statement "A IS
FOLLOWED BY B" and the letter pair BA, he should respond FALSE. On the
other hand, the subject should respond TRUE to the following statement and
letter pair "A IS PRECEDED BY B"--BA. Responses are recorded by pressiny
one of two buttons on a keypad that are labeled TRUE and FALSE,
respectively.

The test contains 32 unique sentence/letter pair stimuli that will be
presented in the center of a CRT screen, This test can be performed with

or without feedback.

BACK GROUND

This section will provide a brief overview of grammatical reasoning
tasks. Four different types of procedures will be covered and compared.

Wason (1961) employed sentences that described whether a stated number was
odd or even, For example, "seventy-six is an even number" (true affirma-
tive) or "seventy-six is not an odd number" (true negative). There were
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24 sentences that combined affimative/neyative and true/false. Wason
Yound that negative statements were verified more slowly than positives,
This finding was interpreted to mean that regative statements required an
“inversion" which led to the slower responses. For example, negative
statements contain a supposition plus an assertion--the sentence "“seventy-
six is not an even number" supposes that seventy-six is even and then
asserts this supposition is false, Thus, subjects would interpret "not
even" as "odd."

Research by Slobin (1966) has also illustrated that subjects can verify
positive sentences more rapidly than negative sentences. Slobin employed
pictures (e.g., a cat chasing a dog, a girl watering a flower, a man eating
watermelon, etc.) instead of numerical quantities. In this experiment the
subjects listened to a sentence and then viewed a picture. The subject was
to decide if the sentence was true or false with regard to the picture.

Clark and Chase (e.g., Chase and {lark, 1972; Clark and Chase, 1972; Clark
and Chase, 1974) have extensively studied the cognitive processes under-
lying the comparison of pictorial information against sentences. In their
experiments, subjects are shown a picture (e.g., : or : ) which matches
or fails to match the meaning of a sentence. For example, ( : ) followed
by "the star is not above the plus" should lead to the response “TRUE."
Subjects were shown sentences that varied with respect to the following
dimensions; (a) the word above or below, (b) true or false, and (c) posi-
tive or negative.

Clark and Chase found that negative sentences were responded to more slowly
than positive sentences. The interpretation here was similar to Wason's.
Negative sentences presumably involve an "“inversion" (i.e., "not above" is
interpreted as "below" which requires additional processing relative to
positive sentences).

Baddeley (1968) developed the version of the test that is being implemented
in the UTC-PAB. The test is based on the findings of Slobin (1966) and
Wason (1961). Subsequent research by Baddeley and Hitch (e.g., Baddeley
and Hitch, 1974; Hitch and Baddeley, 1976) has shown that subjects can
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verify positive sentences more quickly than negative sentences. In addi-
tion, active sentences were verified more quickly than passive sentances.,
Slobin (1966) found similar results with respect to passive versus active
sentences. Examples of the different grammatical forms of the verbal
reasoning test used by Baddeley and Hitch are presented in Table 2.

TABLE 2. EXAMPLES OF DIFFERENT GRAMMAT ICAL
FORMS OF THE VERBAL REASONING TASK

Grammatical Form Example

Active affimmative A follows B

Active negative ? does not follow B
Passive affirmative Ais followed by B
Passive negative A is not followed by B

Baddeley and Hitch (1974) and Hitch and Baddeley (1976) have shown that the
grammatical reasoning test imposes relatively little demand on short term
memory storage. For example, subjects were able to verify sentences just
as quickly when they had to maintain and recall six letters (e.g., memory
span for letters) as when no letters were presented for recali. However,
performance on the reascning task was degraded when subjects were required
to articulate the digit series (the items to be recalled). This was inter-
preted to mean that the processing operations associated with short term
memory storage rather than storage per se are critical in producing
interference,

In summary, the UTC-PAB version of the grammatical reasoning task (tradi-
tional) is based on research involving sentence verification. This
research has shown that positives are verified more quickly than negatives
and passives more slowly than actives., These effects have been demon-
strated with a variety of stimuli (e.g., complex and simple pictures, num-
bers, etc.) and procedures. Furthermore, this task appears to tap the
processing component of working memory rather than its storage capacity.
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RELIABILITY

Baddeley (1968) examined the test-retest reliability of a paper and pencil
version of this test. There were 18 subjects that were tested twice on
successive days. The average correlation between performmance on the two
days was +,80,.

Carter, Kennedy, and Bittner {1981) have &«lso examined the reliability of
this test. Their study involved 36 subjects who were tested on 15 consecu-
tive days (Saturdays and Sundays excluded). The test was a paper and pen-
cil version similar to that employed by Baddeley (1968); however, the
subjects were tested for 1 minute intervals instead of three. The resporse
measure was the number of correct decisions over the 1 minute trials. The
results of this study were as follows; (a) average performance incredsed
linearly with practice, (b) the variances were stable over the 15 days of
testing, (c) intertrial correlations tended to remain constant, especially
after the fourth day of testing, and (d) the average intertrial correlation
atter day four was +.82. These results, along with those of Baadeley
(1968), indicate that the grammatical ieasoning test (e.g., the paper and
pencil version) is a highly reliable test instrument.

The UTC-PAB version of this test differs from the above in that sentences
will be presented one at a time on a CRT screen., This procedural variation
will require that additionai reliability studies be conducted. However,
the above research (Carter et al., 1981) suggests that the grammatical
reasoning task is robust to modifications in procedure. For example, a
reliability coefficient of +.82 was obtained when trial duration was
decreased to 1 minute. This is nearly equivalent to what was found by
Baddeley (1968) with 3-minute trials. (It should be noted that decreasing
the length of a test generally leads to a drop in reliability.)

VALIDITY
This test appears to measure "higher mental processes" associated with

loyical reasoning. For example, Baddeley (1968) reports a correlation of
+.59 between performance on the grammatical reasoning test and the British
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Army verbal intelligence test (N = 29). In addition, Carter, Kcnnedy, and
Bittner (1981) found a correlation of +.44 between grammatical reaéoning
and the Wonderlic test of mental ability (N = 23). This evidence supports
the notion that the grammatical reasoning test measures a subject's general
«ogical reasoning ability.

This test also appears to measure the construct of working memory pro-
cessing capability., As may be recalled, Baddeley and Hitch (1974) and
Hitch and Baddeley (1976) found that a concurrant wemory span task
(recalling up to six letters) did not degrade performance on the yrammati-
cal reasoning task., Howaver, when subjects were required to articulate the
memory series performance, the reasoning task was adversely affected. It
should be noted that articulation of the same word (e.g., "the-the-the..."
or "one-two-three") did not affect performance on the reasoning task. This
follows, since repetition of the same word should not require much in the
way of short term memory processing.

In summary, the grammatical reasoning test appears to tap subject's logical
reasoning ability. In addition, this test appears to measure working mem-
ory processing capacity rather than just its storage capacity (Baddeley and
Hitch, 1974; Hitch and Baddeley, 1976).

SENSITIVITY

This test has been shown to be sansitive to the effects of sleep loss,
environmental stress (e.g., performance under water), road pollutants, and
diurnal variations. In addition, performance decrements in grammatical
reasoning have been obtained in dual task experiments. Table ] presents a
list of various studies that have employed the grammatical reasoning task.

As can be seen in Table 3, the grammatical reasoning test appears to be
sensitive to the effects of sleep luss and diurnal variations. However,

one study (Pleban et al., 1985) did not report an effect of sleep loss on
pertormance in the grammatical reasoning task. In this study the focus was
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TABLE 3. SAMPLE OF STUDIES UTILIZING THE GRAMMATICAL REASONING TASK

R
Reported
Reference Factor Under Study Effact N
Baddeley et al., 1968 Nitrogen Narcosis Yes 18
and Perfonnance Under
Water
Brown et al., 1968 bual Task: Driving Yes 24
Lewis et al., 1970 Traffic Follution Yes 15
Baddeley et al., 1975 Hypothermia (in divers) No 14
Folkard, 1975 Diurnal variations Yes 36
(time of day eftects)
Poulton et al., 1978 Sleep Loss Yes 14
Webb and Levy, 1984 Sleep Loss Yes 6
Angus and Heslegrave, Sleep lLoss Yes 12
1985
Englund et al., 1985 Diurnal Variations Yes 22
(time of day effects)
Pleban et al., 1985 Sleep Loss and No 16
Physical Fitness

on the correlation between changes in performance on cognitive tests (e.g..
granmatical reasoning, map-plotting test, and encoding-decoding test) as a
function of sleep loss and measures of physical fitness (e.g., chin-ups,
push-ups, sit-ups, two-mile run, and pulse rate). The study reports that
there was not a statistically reliable relationship between physical fit-
ness and performance decrements on the grammatical reasoning test as a
function of sleep loss. However, performance on the grammatical reasoning
test may have been sensitive to the effectc of slz2ep loss per se, but the
manner in which the results are reported makes this determination

impossible.

The grammatical reasoning test has also been shown to be sensitive to the
ef fects of environmental stressors (e.g., performance under water), and
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toxic substances (e.g., traffic pollution), However, a study by Baddelay

et al. (1975) showed that highly motivated subjects were unimpairad on the
grammatical reasoning test despite a marked drop in core temperature (per-
formance on a vigilance task was also unimpaired).

Finally, the grammatical reasoning task has been shown to affect perfomm-
ance on a driviny task ‘o a dual task paradigm (Brown et al., 1968). In
this study subjects respinded “true" or "false" via a car phone to auditor-
1ally presented sentences (the researchers were interasted in determining
the effects of communicating on a car phone with driving perfommance). The
grammatical reasoning task mainly impaired judgements of "impossible" gaps
(gaps which were smaliler thgn ithe car). However, the control skills
employed in steering through “"possible" gaps (gaps that were larger than
the car) were not readily degraded, although speed of driving was signifi-
cantly reduced.

The above indicates that the grammatical reasoning test is highly sensitive
to the effects of environmental stressors, toxic substances, and the
demands imposed by a demanding concurrent task. However, the research by
Baddeley et al. (1985) points out the importance of motivational factors in
the evaluation of performance under stress.

TECHNICAL DESCRIPTION

The stimulus items differ on five binary dimensions, yielding 32 unigue
combinations. These dimensions are: (1) positive or negative statement,
(2) active or passive voice, (3) follow or precede verb root, (4) AB or BA
letter pair, and (5) A...B or B...A order within the statement. A sixth
dimension redundantly detemmined by the above is whether the statement-pair
relationship is true or false. The eight base sentences described in tems
of the above dimenions are presented on Table 4,

Stimulus items occupy the center five lines of the display. The first line
displays the sentence. The second is blank. The third contains a solid

nonblinking cursor to serve as a reference point, prompt, and feedback
symbol, The fourth is blank. The fifth contains the letter pair "AB" or
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TABLE 4, EIGHT BASE SENTENCES

Sentence Letter Pair Dimensions
|_____Follows POS  ACT FOL
Precedes POS ACT PRE

POS PAS FOL
POS PAS PRE
NEG ACT FUL
NEG ACT PRE
NEG PAS FOL
NEG PAS PRE

| Is Followed By _
| Is Preceded By _
Does Not Follow
|______Does Not Precede
| Is Not Followed By
[s Not Preceded By

"BA." All lines are centered. All characters are upper case. Display
colors are white characters on a light blue background with a dark blue
border.

Valid responses are presses of the true or false buttons. Invalid respon-
ses are recorded as "extras" but have no other effect. If no valid
response occurs for 15 seconds a beep is sounded, the screen is blanked for
1000 msec and the next trial continues.

Trial Specifications

Each trial will involve the following steps; (a) a sentence/letter pair
stimulus is presented until a valid response (TRUE or FALSE key is pressed)
is entered or 15 seconds elapse; (b) the screen is cleared; (c) the word
CORRECT OR INCORRECT is displayed in the center of the CRT for 1000 msec or
if no feedback option is selected, the screen remains blank for 500 msec;
(d) the screen is cleared if the feedback option was selected. The above
process is repeated for each of the 32 stimuli in this test.

DATA SPECIFICATIONS

Each trial records a stimulus code, a response code, and a reaction time
value., The stimulus code identifies the item in terms of the six
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dimensions mentioned above: (1) positive or negative statement, (2) active
or passive voice, (3) follow or precede verb root, (4) AB or BA letter
pair, (5) A...B or B...A order within the sentences, and (6) whether the
sentence letter pair was TRUE or FALSE. The response code identifius
whether the subject pressed the TRUE button or the FALSE bhutton, and
whether the response was correct, incorrect, or terminated by the deadline,
The reaction time value is the time from the stimulus presentation to the
occurrence of the response, or is set equal to the deadline value.

Summary data are: (1) total elapsed time (task duration in seconds), (2)
number of trials completed, (3) number and percent correct, (4) number of
extras, (5) number of deadline occurrences, and (6) reaction time means and
standard deviations for total responses, correct responses, and incorrect
responses (not counting deadlines or extras). The review of the literature
suggests that average reaction time for correct responses and number of
errors can serve as the major dependent measures.

TRAINING REQUIREMENTS

Following the instructions the subjects should receive a minimum of 10
practice trials. The practice trials should provide feedback with respect
to speed and accuracy for each trial. In addition, the feedback should
remain visible until the subject presses a key to start the next trial
sequence. Providing feedback after each trial and placing the practice
trials under subject control will increase the likelihood of subjects
understanding and following directions during the experimental trials. 1In
addition, subject paced trials will allow the experimenter to carefully
monitor performance during practice and to answer questions that subjects
may have regarding the nature of the task.

To summarize, the training phase for this test should consist of the
following steps:

1. Read instructions to the subjects.

" - |
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2. Run practice trials and evaluate subjects' perfomance to ensure that
the instructions are being followed.

3. Repeat the practice trials if it appears that the subjects require
additional practice with the test,

4. Run the experimental trials, Note, if the tasks are being run over
several sessions on this test, one may omit the practice trials after
the first session.

INSTRUCTIONS TO SUBJECTS

In this task you will be presented with a series of statements about the
relatfoniship between two letters., Each statement will be followed by the
letter pair AB or BA. Your task is to determine whether the statement cor-

rectly describes the order of the letters within the pair.

For example, if you were to see the statement “"A is followed by B" with the
letter pair AB, you should respond "true" by pressing the button marked
“true." On the other hand, if you were to see the statement "A is not pre-
ceded by B" with the letter pair BA, you should respond "false" by pressing
the button labeled “false."”

For this task it is important that you make your decisions as quickly and
as accurately as you can. If you take more than 15 seconds to make a
response, a tone will be sounded and the computer will go on to the next
trial.

You will now be presented with a series of 10 practice trials. If you are
not sure of the answer, ask for clarification. Many people have difficulty
at first with some of the relationships.
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Section 4
GRAMMAT ICAL REASONING (SYMBOLIC) (uvC-PAB TEST NO. 3)
(LOGICAL REASONING)

PURPOSE

The purpose of this task is to tap resources dedicated to general reasoning
ability. The symbolic grammatical reasoning task is a type of sentence
verification task that taps the processing capacity of working memory.

This task is known to be sensitive to variahle information processing
demands and is probably sensitive to envirommental stress, pollutants, and
sleep loss.

DESCRIPTION

The symbolic grammatical reasoning task is designed to impose variable
demands on resources required for the manipulation and comparison of gram-
matical information. The task is derived frum Baddeley's (1968) Grammati-
cal Reasoning Task. The stimuli consist of sentences of varying syntactic
structure accampanied by sets of two or three simultaneously presented sym-
bols (e.g., *, ¥, and #). The sentences must be analyzed to determine
whether they correctly describe the ordering of the characters in the sym-
bol set. Task demand is determined by the amount and complexity of gram-
matical analysis. Three different levels of task demand are imposed by the
following task conditions: (1) single~sentence items of variable syntactic
construction describing the order of pairs of symbols (i.e., all possible
stimuli from the Baddeley version, substituting symbols for the letters)--
low demand; (2) items composed of two sentences worded actively and posi-
tively, describing the relative positions of three symbols--moderate
demand; and (3) two-sentence items worded either actively/negatively or
passively/negatively and describing three symbols--high demand. Figure 3
shows mean reaction times and subjective difficulty ratings associated with

these conditions (Shingledecker, 1984).
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GRAMMATICAL REASONING DATA
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BACKGROUND

This section will provide a brief overview of grammatical reasoning tasks
found in the literature. Five different types of procedures will be
covered and compared.

Wason (1961) employed sentences that described whether a stated number was
odd or even. For example, "seventy-six is an even number" (true affirm-
ative) or "seventy-six is not an odd number" (true negative). There were
24 sentences that combined affirmative/negative and true/false. Wason
found that negative statements were verified more slowly than positives.
This finding was interpreted to mean that negative statements required an
“inversion” which led to the slower responses. For example, negative
statements contain a supposition plus an assertion--the sentence "seventy-
six is not an even number" supposes that seventy-six is even and then
asserts this supposition is false. Thus, subjects would interpret “not
even" as "odd."

Research by Slobin (1966) has also illustrated that subjects can verify
positive sentences nore rapidly than negative sentences., Slobin employed
pictures (e.g., a cat chasing a dog, a girl watering a flower, a man eating
watermelon, etc.) instead of numerical quantities. In this experiment the
subjects listened to a sentence and then viewed a picture. The subject was
to decide if the sentence was true or false with regard to the picture.

Clark and Chase (e.g., Chase and Clark, 1972; Clark and Chase, 1972; Clark
and Chase, 1974) have extensively studied the cognitive processes underly-
ing the comparison of pictorial information against sentences. In their
experiments, subjects are shown a picture (e.qg., : or t)which matches or
fails to match the meaning of a sentence. For example, (:) followed by
"the star is not above the plus" should lead to the response “TRUE." Sub-
jects were shown sentences that varied with respect to the following dimen-
sions; (a) the werd above or below, (b) true or false, and (c) positive or
negative.
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Clark and Chase found that negative Sentences were responded to more slowly
than positive sentences. The interpretation here was similar to Wason's.
Negative sentences involve an "inversion" (i.e., "not above" is interpreted
as "below" which required additional processing relative to positive
sentences).

Baddeley (1968) developed the traditionai version of the task (UTC-PAB Test
No. 2) which was based on the findings of Slobin (1966) and Wason (1961).
Subsequent research by Baddeley and Hitch (e.g., Baddeley and Hitch, 1974;
Ritch and Baddeley, 1976) has shown that subjects can verify positive sen-
tences more quickly than negative sentences. In addition, active sentences
were verified more quickly than passive sentences (Slobin found similar
results with respect to passive versus active sentences).

Baddeley and Hitch (1974) and Hitch and Baddeley {1976) have shown that the
grammatical reasoning test imposes relatively little demand on short tem
memory store. For example, subjects were able to verify sentences just as
quicky when they had to maintain and recall six letters (e.g., memory span
for latters) as when no letters were presented for recall. However, per-
formance on the reasoning task was degraded when subjects were required to
articulate the digit series (the items to be recalled). This was inter-
preted to mean that the processing operations associated with short tem
memory storage rather than storage per se are critical in producing
interference.

The version of the traditional grammatical reasoning task as it appears in
the UTC-PAB (Test No. 2) is based on research involvinyg sentence veritica-
tion. This research has shown that positives are veritied more quickly
than negatives and passives more slowly than actives. These effects have
been demonstrated with a variety of stimuli (e.g., complex and simpie pic-
tures, numbers, etc.) and procedures. Furthermore, this task appears to
tap the processing component of working memory rather than its storage

capacity.

The symbolic version of the grammatical reasoning task was originally
developed by Shingledecker (1984). This version of the task represents an
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attempt to combine elements of Baddelely's (1568) often cited traditional

e task, as per UTC-PAB Test No. 2, with eleanents of the Clark and Chase
(Chase and Clark, 1972; Clark and Chase, 1972; Clark and Chase, 1974)
studies to preduce a paradigm that is potentially of greater diagnosticity,
for some purposes, than either of its antecedent paradigms. The underlying
rationale of this integration lies with a concern for maximal construct
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validity, which is very important in perfonnance assessment research. The
construct of interest for this task is logical reasoning., In other words,

Y it is imperative that the subjects utilize the informtion contained within
;g the stimulus sentences to make their logical determinations. Only then can
"éz the various task ioadings be said to differentially affect central pro-

cessing resources dedicated to logical reasoning ability. It occurred to

& Shingledecker (1984) that the use of letter pairs as the target set
‘ 55 (Baddeley, 1968) may, at times, lessen the degree to which a subject must
"a depend upon the logical structure of the sentence(s). For example, the

letters A and B bear with them a natural alphabetic order, and a subject
could simply encode the target set as “right" (i.e., AB) or "wrong" (i.e.,

:?‘ BA) instead of "A precedes B," etc. It would seem then that a portion ot
‘Ei the logical reasoning process can be bypassed by developing working memory
chunking strategies which center around the target letters themselves. The
‘3? employment of the less verbally meaningful symbols *, #, and @ (Chase and
f Clark, 1972; Clark and Chase, 1972; Clark and Chase, 1974) in this para-
‘3: digm, instead of letters, should alleviate this problen.
;ﬁ The question then becomes "which grammatical reasoning paradigm is the one
‘ai to use, UTC-PAB Test No. 2 or No. 3?" The answer is that this decision
i‘ involves some tradeoffs that have been implied previously, The traditional
; version (UTC-PAB Test No. 2) may be characterized by the potentia! con-
gg struct validity confound cited above. However, this has not been stead-
[ fastly proven and a considerable amount of research has been conducted with
;? this paradigm. As is mentioned elsewhere, the literature indicates that a
- high degree of reliability, validity, and sensitivity are associated with
i} the traditional version of this test, and these dimensions are very
3‘25 important in performance assessment research.
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If a given testing situation is such that construct validity is paramount,
UTC-PAB Test No. 3, symbolic grammatical reasoning, may be viewed as a
better alternative to avoid the potential problems which may beset the use
of letter pairs (as noted by Shingledecker, 1984)., The disadvantage here
is that no reliapbility, validity, or sensitivity data can be specifically
related to this paradigm, though there is reason to suspect that the task
would be characterized by a sufficient degree of all three dimensions (see
sections on realiability, validity, and sensitivity). In summary, each
version seems to have its relative merits, although additional research
specifically investigating the issues discussed here is required before any
conclusions can be drawn. ‘ 1

RELIABILITY

Baddeley (1968) examined the test-retest reliability of his traditional
paper and pencil vursion of this test. Eighteen subjects were tested twice
on succssive days, yielding an average correlation between performance on
the two days of +.80.

Carter, Kennedy, and Bittner (1981) have also examined the reliability of ;
the grammatical reasoning test. Thirty-six subjects were tested on 15 con-

secutive workdays. The test employed was a paper and pencil version of the
traditional grammatical reasoning pagadigm, similar to that employed by

Baddeley (1968); nhowever, the subjects were tested for 1 minute invervals

instead of three. The response measure incorporated into the analyses was

the number of correct determinations per each 1 minute trial.

Carter et al. (1981) found that: (a) average performance increased lin-
early with practice, (b) the variances were stable over the 15 days of
testing, (c) intertrial correlations tended to remain constant, especially
after the fourth day of testing, and (d) the average intertrial correlation
after day 4 was +.82. These results, along with those of Baddeley (1968),
indicate that the paper and pencil version of the traditional grammatical
reasoning task (UTC-PAB Test No. 2) is a very reliable test instrument and,
thus, suggest that the symbolic grammatical reasoning paradigm should be as

well.
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This task differs from those found reliable by Baddeley (1968) and Carter
et al, (1981) in that: (1) sentences will be presented one at a time on a
CRT screen, and (2) the symbols #, @, and # will be used instead ot the
letters A and B. These procedural variations will require that additional
reliability studies be conducted. However, the aforementioned research
(Baddeley, 1968; Carter et al., 1981) implies that this task is robust to
procedural variation, as the reliability coefficient (+.82) obtained with
one-minute trials (Carter et al., 1981) is nearly ejuivalent to that
obtained with 3-minute trials (Baddeley, 1968; it should be noted that
decreasing the duration of a test generally ieads to decreased
reliability).

VALIDITY

This test likely taps into the "higher mental processes" associated with
logical reasoning. Baddeley (1968) reports a correlation of +.59 between
performance on the naper and pencil version of the traditional yrammatical
reasoning task (UTC-PAB Test No. 2) and the British Army Verbal Intelli-
gence Test (N = 29). Using a similar version of the task Carter, Kennedy,
and Bittner (1981) obtained a correlation of + .44 between the grammatical
reasening test and the Wonderlic Test of Mental Abitity (N = 23). These
findings support the notion that this grammatical reasoning paradigm meas-
ures a subject's general logical reasoning ability,

The traditional grammatical reasoning test also appears to measure the con-
struct of working memory processing ability. Baddelay and Hitch (1974)
found that a concurrent memory span task (recalling up to & letters) did
not degrade grammatical reasoning perfonnance. However, when subjects were
required to articulate the memory series, reasoning performance was
adversely affected. It should be noted that articulation of the sane word
(e.g., the-the-the...) or a redundant series {e.g. one-two-three) did not
affect reasoning performance. These results were interpreted to mean that
the processing operations associated with short term memory storage, rather
than storage per se, are critical in producing interference on the tradi-

tional grammatical reascning task,
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In summary, the traditional grammaticai reasoning test appears to tap pro-
cessing resources dedicated to logical reasoning ability and working memory
processing capacity rather than just storage capacity (Baddeley and Hitch,
1974). Though such a study has yet to be conducted utilizing the symbolic
grammatical reasoning task, these investigations invciving traditiona!
grammatical reasoning can be interpreted to suggest that the symbolic test
would be characterized by a correspondingly significant degree of construct
validity.

SENSITIVITY

The sensitivity of the symbolic version of the grammatical reasoning para-
digm has not yet been conclusively investigated. Such investigations,
though, would be very informative for reasons discussed previously in the
Background section. Due to the lack of specifically pertinent research,
the sensitivity of the traditional grammatical reasoning paradigm will e
discussed here, for it is likely that the employment of the symbolic ver-
sion would produce similar findings, though the actual employment of the
symbolic test is required to truly assess its sensitivity.

The traditional grammatical reasoning paradigm (UTC-PA8 Test No. 2) has
been shown to be sensitive to the effects of sleep loss, environmental
stressors (e.q., performance under water), road pollutants, and diurnal
variations. Performance decrements in grammatical reasoning have been
obtained when a dual task paradigm is employed. Table 2 presented a list
of various studies that have emplcyed the traditional grammatical reasoning
task,

As can be seen in Table 5, the traditionai grammatical reasoning test
appears to be highly sensitive to the effects of sleep loss and diurnal
variations. However, one study (Pleban et al., 1985) did not report an
effect of sleep loss on performance in the grammatical reasoning task., In
this study the focus was on the correlation between chanyes in performance
on cognitive tests (e.g., grammatical reasoning, map-plotting test, and
encoding-decoding test) as a function of sleep loss and measures of physi-
cal fitness (e.g., chin-ups, push-ups, sit-ups, two-mile run, and pulse
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rate). The study reports that there was not a statistically reliable rela-
tionship butween pnysical fitness and peiformance decrements on the gram-
matical reasoning test as a function of sleep loss. However, performance
on the grammatical reasoning test may have been sensitive to the etfects of
sleep loss, but the manner in which the results are reported make this
determination impossible.

TABLE 5. STUDIES UTILIZING THE GRAMMATICAL REASONING TASK

- Reported
References Factor_Under Study Effect N
Baddeley et al., 1968 Nitrogen Narcosis and Yas 18
Performance Under Water
Brown et al., 1968 Dual Task: Driving Yes 24
Lewis et al., 1970 Traffic Pollution Yes 15
Baddeley et al., 1975 Hypothermia (in divers) No 14
Folkard, 1975 Diurnal Variations Yes 36
(time of day effects)
Poulton et al., 1978 Sleep Loss Yes 14
Webb and lLevy, 1984 Steep Loss Yes 6
Angus and Heslegrave, 1985 Sleep Loss Yes 12
Englund et al., 1985 Diurnal Variations Yes 22
(time of day effects)
Pleban et al., 1985 STeep Loss and Physical No 16
Fitness

The grammatical reasoning test has also been shown to be sensitive to the
effects of environmental stressor (e.g., performance under water) and toxic
substances (e.g., traffic poilution). However, a study by Baddeley et al.
(1975) showed that highly motivated subjects were unimpaired on the gram-

maticai reasoning test despite a marked drop in core temperature. (Per-
formance on a vigilance task was also unimpaired.)
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Finally, the traditional grammatical reasoning task has been shown to
affect performance on a driving task in a dual task paradigm (Brown et al.,
1968). In this study subjects responded “true" or “false" via a car phone
to auditorially presented sentences (the researchers were interested in
determining the effects of communicating on a car phone with driving per-
formance). The grammatical reasoning task mainly impaired judgements of
“impossible" gaps (gaps which are smaller than the car). However, the con-
trol skills employed in steering through "possible" gaps (gaps that were
larger than the car) were not readily degraded, although speed of driving
was significantly reduced.

The above indicates that the traditional grammatical reasoning test (UTC-
PAB Test No. 2) s highly sensitive to the effects of environmental siress-
ors, toxic substances, and the demands imposed by a demanding concurrent
task and suggests that the findings may be similar if the symbolic version
of the test had been employed. However, the research by Baddeley et al.
(1985) showed that the performance of highly motivated subjects was not
affected by extreme cold. This result points out the importance of motiva-
tional factors in the evaluation of performance under stress.

TECHNICAL DESCRIPTION

The stimulus population for single sentence (1ow demand) problems is com-
prised of all 32 possible combiﬁEETﬁns of the following five binary fac-
tors: (1) active versus passive wording cf sentences; (2) positive versus
negative wording; (3) keyword "follows" versus “precedes"; (4) order of the
two symbols in the sentence; and (5) order of symbols in the symbol set.
A1l 32 possible one-sentence test items are shown in Table 6. For one sen-
tence item, the subject's task is to decide whether the symbol set is
ordered as the sertence indicates and respond either positively or
negatively.

2
In the task conditions using two sentences (medium and high task demand),
the subject is required to determine whether the sentences match in their
assessiment of the symbol set. If both sentences correctly describe the
ordering of the three symbols, or if neither is correct, the subject shouid
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TABLE 6. GRAMMATICAL REASONING ITEMS FOR THE LOW DEMAND CONDITION

CTS GRAMMATICAL REASONING TASK DATA FOR LEVEL 1 (ONE SENTENCE)
INUMBER SENTENCE SYMBOL ANSKER
1 @ PRECEDES * o MATCH
2 @ FOLLOWS * o* NONMATCH
3 @ IS PRECEDED BY * o* NONMATCH
4 @ IS FOLLOWED BY * o MATCH
5 @ DOES NOT PRECEDE * o* NONMATCH
6 @ DOES NOT FOLLOW * e+ MATCH
7 @ IS NOT PRECEDED BY *  @¥ MATCH
8 @ IS NOT FOLLOWED BY *  @* NONMATCH
9 @ PRECEDES * *Q NONMATCH
10 @ FOLLOWS * *@ MATCH
11 @ IS PRECEDED BY * *@ MATCH
12 @ IS FOLLOWED BY * *@ NONMATCH
13 @ DOES NOT PRECEDE * *@ MATCH
14 @ DOES NOT FOLLOW * *Q NONMATCH
15 @ IS NOT PRECEDED BY *  *@ NONMATCH
16 @ IS NOT FOLLOWED BY *  *@ MATCH
17 * PRECEDES @ e NONMATCH
18 * FOLLOWS @ @* MATCH
19 * IS PRECEDED BY @ @ MATCH
20 * 1S FOLLOWED BY @ o NONMATCH
21 * DOES NOT PRECEDE @ o MATCH
22 * DOES NOT FOLLOW @ o> NONMATCH
23 * IS NOT PRECEDED BY ¢  @* NONMATCH
24 * IS NOT FOLLOWED BY @ @+ MATCH
25 * PRECEDES © *@ MATCH
26 * FOLLOWS @ *@ NONMATCH
27 * IS PRECEDED BY @ *@ NONMATCH
28 * IS FOLLOWED BY @ *Q MATCH
29 * DOES NOT PRECEDE @ *@ NONMATCH
30 * DOES NOT FOLLOW @ *Q MATCH
31 * IS NOT PRFCEDED BY ¢  *@ MATCH
32 * IS NOT FOLLOWED BY @ *@ NONMATCH

respond positively. If one sentence is correct but the other is not, a
negative response is required. Sentences always describe adjacent symbol
pairs and are of the same grammatical form (i.e., an active/negative sen-
tence is never paired with a passive/negative sentence), To help balance
all conditions, sets of 32 grammatical problems are randomly chosen from
the larger stimulus populations associated with two-sentence items. Two
restrictions are imposed on this selection process: (1) when correctly
solved, half of the two-sentence problems must necessitate a positive
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response, and (2) combinations of sentence solutions (e.g., sentence one
"true," sentence two "true,"; sentence one "true," sentence two "false,"
etc.) are to occur equally often. Equal numbers of active/negative and
passive/negative items appear in the high demand condition. Two-sentence
test items for the moderate and high task demand conditions are shown in
Tables 7 and 8, respectively., During experimental trials, the computer
randonly selects test items from the appropriate list for presentation.
Also during testing, response deadlines vary with task loading (as will
resulting RTs; Shingledecker, 1984). The deadline for the low demand con-
dition (simple one-sentence items) is 2.5 seconds; for the moderate demand
condition (two sentences, active/positive wording) 6.5 seconds; and for the
high demand condition (two sentences, active/negative or passive/negative
wording) 7.5 seconds. Binary responses are entered manually on two
appropriately labeled keys on a four button keypad.

DATA SPECIFICATIONS

Recorded for each trial are a stimulus code, a response code, and a reac-
tion time value. The stimulus code identifies the item it terms of six
possible stimulus dimensions: (1) positive or negative statement, (2)
active or passive voice, (3) “follow" or "precede" verb root, (4) symbol
set (e.g., *@, ©*, *@#, etc.), (5) specific order of symbols within the
sentences, and (6) whether a sentence is TRUE or FALSE. The response code
identifies whether the subject pressed the TRUE key or the FALSE key, and
whether this response is correct, incorrect, or terminated by the given
response deadline, Reaction time is measured from the onset of stimulus
presentation to the occurrence of the response, or is set equal to the
deadline value if the reaction time is in excess of the deadline.

Sumnary data are: (1) total elapsed time (task duration in seconds), (2)
number of trials completed, (3) number and percent correct, (4) number of
extras, (5) number of deadline occurrences, and (6) reaction time means and
standard deviations for total responses, correct responses only, and incor-
rect responses only (excluding deaalines and extras as well). Average
reaction time for correct responses and number of errors usually serve as
the major dependent measures in the grammatical reasoning paradigm.
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TABLE 7. GRAMMATICAL REASONING ITEMS FOR THE MODERATE
DEMAND CONDITION
DATA FOR LEVEL 2 (TWO SENTENCE-AP)

NUMBER SENTENCE 1 SENTENCE 2 SYMBOL ANSWER
1 @ PRECEDES * @ FOLLOWS # o4 MATCH
2 # FOLLOWS * @ PRECEDES * #*@ MATCH
2 * PRECEDES # @ FOLLOWS # O* MATCH
4 # PRECEDES @ * PRECEDES # *40 MATCH
5 # PRECEDES @ @ FRECEDES * *Qg MATCH
6 @ PRECEDES # * FOLLOWS # P#* MATCH
7 @ PRECEDES # * PRECEDES @ *Q 4 MATCH
8 @ FOLLOWS # @ PRECEDES * #o* MATCH
9 # FOLLOWS @ @ FOLLOWS * *Q4 MATCH
10 * FOLLOWS @ * PRECEDES # %4 MATCH
11 * FOLLOWS @ @ FOLLOWS # *o4 MATCH
12 * FOLLOWS @ # FOLLOWS * x4 MATCH
13 # PRECEDES * * PRECEDES @ *¢ MATCH
14 * FOLLOWS # @ PRECEDES # *40 MATCH
15 @ PRECEDES * * PRECEDES # #*Q MATCH
16 # PRECEDES * @ FOLLOWS * O*# MATCH
17 * FOLLOWS @ @ PRECEDES # #o* NONMATCH
18 * FOLLOWS # @ PRECEDES * E*# NONMATCH
19 * PRECEDNES @ # FOLLOWS * @*# NONMATCH
20 @ FOLLOWS # * PRECEDES © #o* NONMATCH
21 # FOLLOWS @ * PRECEDES # *40 NONMATCH
22 # PRECEDES @ @ FOLLOWS * #@* NONMATCH
23 # FOLLOWS @ @ PRECEDES * *4 NONMATCH
24 * FOLLOWS @ # PRECEDES * #*@ NONMATCH
25 @ PRECEDES * # FOLLOWS @ #0o* NONMATCH
26 * PRECEDES # @ FOLLOWS * #*@ NONMATCH
27 # PRECEDES @ * FOLLOWS # Qp* NONMATCH
28 @ FOLLOWS # # PRECEDES * @4* NONMATCH
29 # FOLLOWS * ® PRECEDES # o 1C NONMATCH
30 * PRECEDES # # FOLLOWS @ * 40 NONMATCH
31 @ FOLLOWS * # PRECEDES ® *QR4 NONMATCH
32 @ FOLLOWS * * PRECEDES # @*# NONMATCH
Note: If both sentences are true or both are false, the correct

answer is MATCH. On the other hand, if one sentence is
true and the other false, the correct answer is NONMATCH.
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TABLE 8. GRAMMATICAL REASONING ITEMS FOR THE hIGH
DEMAND CONDITION

DATA FOR LEVEL 3 (TWO SENTENCE-AN/PN)

NUMBER  SENTENCE 1 SENTENCE 2 SYMBOL  ANSWER
1 # DOES NOT PRECEDE * # DOES NOT FOLLOW @ *#0 MATCH
2 * DOES NOT FOLLOW @ € DOES NCT FOLLOW # *Q4 MATCH
3 * DOES NOT PRECEDE # * DOES NOT FOLLOW @ #*0 MATCH
4 @ DOES NOT PRECEDE * # DOES NOT FOLLOW * #*e MATCH
5 @ DOES NOT PRECEDE # @ DOES NOT FOLLOW * *04 MATCH
6 @ DOES NOT FOLLOW # * DOES NOT PRECEDE # *#0 MATCH
7 @ DOES NOT FOLLOW # # DOES NOT FOLLOW * *#0 MATCH
8 * DOES NOT PRECEDE @ # DOES NOT PRECEDE * #*@ MATCH
9 # DOES NOT PRECEDE * @ DOES NOT FOLLOW # @#* NONMATCH
10 # DOES NOT FOLLOW @ @ DOES NOT PRECEDE * #0O* NONMATCH
11 # DOES NOT FOLLOW * @ DOES NOT PRECEDE # @p* NONMATCH
12 # DOES NOT PRECEDE @ @ DOES NOT FOLLOW * #o* NONMATCH
13 * DOES NOT FOLLOW # # DOES NOT PRECEDE @ * 40 NONMATCH
14 # DOES NOT PRECEDE * * DOES NOT FOLLOW @ @*¢ NONMATCH
15 * DOES NOT PRECEDE @ @ DOES NOT FOLLOW # *Q4 NONMATCH
16 * DOES NOT FOLLOW @ @ DOES NOT PRECEDE # #@* NONMATCH
17 * IS NOT PRECEDED BY # # IS NOT PRECEDED BY @  @#* MATCH
18 * IS NOT PRECEDED BY @ # IS NOT FOLLOWED BY @  #6* MATCH
19 ® IS NOT PRECEDED BY * # IS NOT FOLLOWED BY *  @*# MATCH
29 ® IS NOT PRECEDED BY # @ IS NOT FOLLOWED BY *  *@# MATCH
21 @ YS NOT FOLLOWED BY # @ IS NOT PRECEDED BY *  #@* MATCH
22 @ IS NOT FOLLOWED BY # * IS NOT PRECEDED BY #  @#* MATCH
23 # IS NOT PRECEDED BY * @ IS NOT PRECEDED BY #  @#* MATCH
24 # IS NOT PRECEDED BY @ * IS NOT FOLLOWED BY @  *Q# MATCH
25 * IS NOT FOLLOWED BY @ @ IS NOT PRECEDED BY #  #@* NONMATCH
26 * IS NOT FOLLOWED BY # @ IS NOT PRECEDED BY *  #*@ NONMATCH
27 @ IS NOT FOLL.OWED BY * # IS NOT PRECEDED BY @  #@* NONMATCH
28 * IS NOT FOLLOWED BY @ # IS NOT PRECEDED BY *  #*@ NONMATCH
29 @ IS NOT PRECEDED BY # # IS NOT FOLLOWED BY *  @#* NONMATCH
30 # IS NOT FOLLOWED BY @ @ IS NUT PRECEDED BY *  j@* NONMATCH
31 * IS NOT PRECEDED B8Y @ # IS NOT FOLLOWED BY *  #*@ NONMATCH
32 * IS NOT PRECEDED BY # # IS NOT FOLLOWED BY @  @#* NONMATCH

Note: If both sentences are true or both are false, the correct
answer is MATCH. On the other hand, if one sentence is
true and the other false, the correct answer is NONMATCH.
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TRAINING REQUIREMENTS

Subjects are presented with the instructions. Two 36-minute traininy
sessions composed of four 3-minute trials at each level of task difticuity
are suggested,

During training, presentation of grammatical problems is subject-paced with
a 15-second deadline for all three demard levels. If the subject does not
respond within 15 seconds of the onset of the stimulus, the display is
cleared and a new iten is presented. Subjects should receive performance
feedback throughout the training trials to maintain acceptance performance

levels.

To summarize, the training phase for this test should consist of the
following steps:

1, Read instructions to the subjects.

2. Run practice trials and evaluate subjects' performance to ensure that
the instructions are being followed.

3. Repeat the practice trials if it appears that the subjects require
additional practice with the test.

4, Run the experimental trials. Note, if the tasks are beiny run over
several sessions on this test, one may omit the practice trials after

the first session.
INSTRUCTIONS TO SUBJECTS

You will be presented with sentences that vary in their structural complex-
ity. Each sentence contains two symbols, and either correctiy or incor-
rectly describes the order of the symbols as they appear adjacent to the
sentence. VYour task is to determine as quickly and accurately as possible
whether the sentences correctly describe the order of the symbols, and
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then, based on this determination, press the "yes" or "no" button on the
keypad.

There are thrree categories of grammatical reasoning problems. The first
category is composed of single-sentence problems which describe the order
of two symbouls. In the single-sentence condition, you are to describe
whether the sentence accurately reflects the order of the two symbols. In
the example problem:

* IS PRECEDED BY @ o*

The * is, in fact, preceded by the @, so the correct response would be
"yes." The structure of the sentences in the single-sentence condition is
variable, That is, sometimes the sentence will be worded simply and some-
times not.,.

The second category of task problems is composed of pairs of sentences
which describe the ordering of three symbols. The sentence wording at this
level of the task is always simple.” Your task is to determine whether both
sentences are correct or incorrect, or whether one sentence is correct
whiile the other is incorrect. If 2ne sentence is correct and the other
not, you should respond “nonmatch" (or "no"). If both are either correct
or inzorrect, you should respond "match" (or "yes"). For example:

# PRECEDES ©
#o*
* FOLLOWS @

The # does precede the @, so the first sentence is correct and the * does
follow the @, so the second sentence is aiso correct., Since both sentences
are correct (rather than one correct and one incorrect) the sentence
answers match, and the appropriate response is "same."

In the third task category, two sentences again describe the order of three
symbols, but the sentences are worded in a more complicated fashion. As in
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the other two-sentence condition, the task is to canpare the correctness of
the sentences. For example:

* IS NOT PRECEDED BY @
@*#
# IS PRECEDED BY *

In this case the * is preceded by the @, so the first sentence is incorrect
and the # is preceded by the *, so the second sentence is correct. Since
one sentence is correct but the other not, the correct response would be

"different."

You should try to respond as quickly and accurately as you can to each
problem. If you find yourself making repeated errors because you are not
taking enough time for your decision, slow down. However, do not take more
time than is necessary to make the appropriate decision and response. You
will start the experimental session by pressing a key on the response key-
pad. The trials will last 3 minutes each. At the end of 3 minutes the
task will stop by itself and the screen will go blank.
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Section 5
TWO-COLUMN ADDITION (UTC-PAB TEST NO. 4)
(NUMBER FACILITY)

PURPOSE

The purpose of this subject-paced, mental arithmetic test is to measure the
subject's ability to sum simple addition problems. The test is diagnostic
of the speed and accuracy with which subjects retrieve arithmetic infor-
mation (e.g., math facts) and utilize procedural knowledge (e.g., well
learned procedures for adding columns of digits). In addition, short temm
storage of carry and intermediate result information is required.

DESCRIPTION

During this arithmetic test, a set of 45 trials is presented to the sub-
Ject. Each trial consists of three 2-digit numbers being presented on a
CRT screen simultaneously in a column fomat. The subject is required to
sum as rapidly as possible and enter his/her response via a keyboard.
Responses must be entered beginning with the left hand digit first (usually
the hundreds and tens digit). The column of digits displayed on the CRT
screen will disappear with the first valid key entry; thus, subjects must
know the entire answer prior to entering a response. A trial ends when the
return key is pressed or when a deadline period of 15 seconds has passed.
Subjects will receive speed/accuracy feedback during the training trials;
however, no feedback will be provided during the experimental trials.

BACKGROUND

Tests of “number facility" have been employed in intelligence testiny
(e.g., Wechsler, 1958), psychopharmacology (e.y., Crowel! and Ketchum,
1967; Ketchum et al., 1973; and Michelson, 1961), behavioral toxicology
(e.g., Johnson and Anger, 1983), and as a technique for testing and devel-
oping theories of human memory (e.g., Hitch, 1978).




This UTC-PAB test involves multidigit addition problems, the solution of
which involves several cognitive structures as well as the utilizatior of
cognitive procedures. For example, the subject must retrieve math facts
from long term memory, retain intermediate results, keep track of carry and
place information, and execute procedural knowledge (e.g., add units first,
tens second, etc.). Therefore, the solution of these problems involves the
retrieval of information from long term memory and working memory capacity
in the form of short term storage and the execution ot cognitive proce-
dures. Figure 4 shows a model for the series of steps involved in the
solution of these two column addition problems. This characterization
assumes that subjects perfomm the operations from right to left; however,
different strategies (e.g., solving the problem from left to right) and
combinations of strategies have been used by subjects in the solution of
multidigit addition problems (e.gy., Hitch, 1978).

Research by Hitch (1978) with multidigit addition problems (adding two
3-digit numbers, or adding a 2-digit number to a 3-digit number) found that
errors in addition could be accounted for by the loss of interim informa-
tion (intermediate results and carries) and initial information. In his
studies, Hitch presented the math problems auditorially and subjects were
not allowed to take notes. Therefore, the loss of initial information (the
numbers presented for addition) accounted for a significant proportion of
the errors in addition.,

The UTC-PAB version of the test involves visucl presentation of the math
problems that remain visible until the subject begins to enter his/her
answer. This will make the loss of initial information a negligible
factor. This is especially true since the subject is to enter the most
significant digit first which requires the solution of the entire prob-
lem, Thus, errors in calculation, for the UTC-PAB version, can be attrib-
utable to the loss of intermediate solutions and carry information.

The number of carries required in the solution of a multidigit addition
problem has been shown to have an effect on solution times. For example,

Hitch (1978) found that solution latencies were fastest for problems that
did rot require carrying (e.g., 434 + 51) and slowest for those that
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Probliem: 29
32
13
Caicuiation/Memory
Retrieval and Procedures Intemediate Result Carry Answer
1) 9+2 = 11 -- --
2) 1143 = 14 -- --
3) Set carry and store
partial answer -- 1 4
4) 2+1 = -- 4
5) 343 = -- 4
6} 6+l = -- 4
7) Concatenate partial
results 74
8) Respond
Figure 4. Sequence of Steps Involved in the Solution of a

Two-Column Addition Problem [This Characterization
Assumes Addition of Each Separate Column in a Right
to Left Order] (Adanted from Hitch, 1578)
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required carrying in both the tens and hundreds (e.y., 434 + 87), These
results are consistent with the suggestien that carrying is a separate
staye (1.e., separate from storing intermediate results) that requires

extra processing time,

An additional factor that will contribute Lo the sulution latencies is the
speed with which subjects retrieve arithmetic information from long term
memory. Ashcraft and Stazyk (1981) examined subject's ability to verify
the truth value of simple addition problems (e.g., 7+1 = B versus

/+1 = 9), Single digit addition problems were presented with either a
correct or incorrect solution and subjects were required to answer "true"
or "false" by pressing cne of two buttons. True problems were generally
responded to more quickly than false problems. Furthernore, for false
problems it was found that the greater the difference between the stated
and the correct solution, the faster the response. Finally, an experimenc
involving complex addition (14+12 = 26) indicated that subjects solve these
problems in a series of elementary steps.

Ashcraft and Stazyk (1981) interpreted their resuits in terms of network
models of semantic memory (e.g., Coilins and Loftus, 197%). That is, for
adults simple mental addition is largely a memory retrieval phenomenon,
They appear to rely on a stored systematic structure of knowledye and not

on such procedures as counting.

Research by Winkelman and Schmidt (1974) aiso supports the memory retrieval
interpretation of simpie mental arithmetic. Winkelman and Schmidt pre-
sented subjects addition and multiplication problems with either a correct
or incorrect solution, Each problem was presented separately and the sub-
Ject's task was to respond true or false as quickly and as accurately as
possible. The reaction times for associative confusion problems (e.y.,

7+2 = 14 or 7x2 = 9) were significantly slower than for the nonassociative

confusion problems (e.g., 7+2 = 8 or 7x2 = 13). This was interpreted to
mear: that the prohlems were soived via a memory retrieval and that addition
and multiplication information is closeiy associated in emory. Similar ;

results have been found for addition and subtraction by Perez and Tracy

{1983).
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In summary, this test appears to tap both long temn memory and wurking
moemory capacity. Errors in computation will most likely result from the
loss of carry or intermediate result infomation from working memory. The
latency data will reflect the speed with which information is retrieved
fran Tong term memory and working memory processing and storage,

RELIABILITY

Reliability information on the UTC-PAB version of the test has not been
located. However, Seales, Kennedy, and Bittner (1980) evaluated the reli-
ability of a paper and pencil arithmetic test involving addition or sub-
traction of two 3-digit numbers, multiplication of two 2-digit numbers, and
division of a 4-digit number by a 2-digit number. There were 18 subjects
in the study who were tested on 15 consecutive days. A test consisted of
64 math problems during the first seven days and 96 problems for the
remaining days. Subjects were tested in 10 minute sessions. Arithmetic
performance (total attempted, total correct, and correct-minus-wrong)
showed improvement over the first nine days of testing and remained stable
thereafter. In addition, the interday correlaticns for the above three
measures were relatively high (mean r = ,935, .941, and .921,
respectively).

The above results indicate that tests of simple arithmetic will yield
relatively stable perfcrmance over time. However, it should be noted that
the UTC-PAB version of the test differs from the above version in that it
wiil involve only addition problems which will be presented one at a time
on a CRT. If anything, the UTC-PAB version may prove to be more stable
than the version tested by Seales et al. (1980) since such factors as oper-
ator confusion will be eliminated (see Winkelman and Schmidt, 1974). How-
ever, research that examines the reliability of this test nceds to be
conducted.

YALIDLITY

This test appears to measure the construct of numerical ability (French,
Ekstrom, and Price, 1963). As may be recalled, it was argued that the




-, UTC-PAB version of the tast taps long term memory (e.9., math facts and

W strategies) as well as working memory capacity (storage ot intermediate
ik— results and carries), Research by Ashcraft and Stazyk (1981) with single
) digit addition problems has supported the hypothesis that adults solve

,ﬁg simple addition problems (e.g., math facts) via a process of memory

%f retrieval. Research by Hitch (1978) with multidigit addition problemns

~§\ showed that people perform relatively complex mental calculations in a

series of elementary stages. Also, the number of carries required by the
b problem had a systematic effect on response latencies. Finally, Hitch's
§ research indicated that errors in calculation could be attributed to the
%‘ loss of initial and interim infommation held in working memory.

m The above indicates that the UTC-PAB two column addition test measures a

jf subject's general number facility. Furthermore, the problems are presented

‘l L . (3 3 [

‘% in such a manner that working memory capacity is also being tapped.

N

R SENSITIVITY

f@ Tests of mental addition have shown sensitivity to a range of toxic, drug,
- and environmental stressors. Table 9 shows a 1ist of studies that examined

‘%' the effects of toxic agents and drugs on mental calculations.

4

i . .

N TABLE 9. LIST OF STUDIES

‘ﬁ; Reference Drug or Toxic Substance Reported Etfect

&'

;ﬁ Johnson et al., 1974* Carbon monoxide No

)

5% Knave et al., 1978* Jet fuel mixture Yes

%“ Repko et al., '975* Inorganic lead No

i Repko et al., 1976* Methyl chloride Yes 1
f% Croweil and Ketchum, 1967 Scopolanine Yes 4
' :
i Ketchum et al., 1973 Atropine Yes é
o Se.opolamine Yes !
iﬁ‘ Ditran Yes

o Michelson, 1961 Parpanite Yes |
o - - .

. * Cited in: Johnson, B.L. and Anger, W.K. Behavioral toxicology. In

, W. Rom (ed.), Enviromnental and Occupational Medicine.

& Boston: Little, Brown, and Co., 1983.
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Toxic Agents

Performance cn mental addition has differentiated the control {no exposure)
from the experimental group with such agents as methyl chloride and jet.
fuel mixtures. However, significant differences between control and exper-
imental conditions were not evident for such agents as carbon monoxide and
inorganic lead. It should be noted that the Johnson et al. (1974) study
involved 23 ppm CO exposure (COHb level of 4 percent) and performance
decrements were only evident in a dual task condition. Furthermore, the
study by Repko et al. (1975) examined occupational exposure to inorganic
Tead in auto battery industry. The levels of exposure in this work setting
were very low (80 mg lead per liter of blood) and the effects of inorganic
lead were only evident on a test of eye-hand coordination.

Drugs

Mental addition has also been shown to be sensitive to the effects of
drugs, For example, Ketchum et al. (1973) found that mental arithmetic
perfornance deteriorated when subjects were administered atropine, Ditran,
or scopolamine. Furthermore, it was observed that hailucinations, disF
orientation, and incoherence consistently appeared wheneveir mathematical
pervtormance fell below 10 percent of baseline. The dose necessary to
produce a decline in mathematical performance to below 10 percent in half
the population was calculated by probit analysis to be 152 mcg/kg,

20 mcy/ kg, and 100 wcg/kg for atropine, scopoclamine, and Ditran respec-
tiveiy (Ketchum et al., 1973, p. 131). Decrement in mentai arithmetic has
also been found by Crowel! and Ketchum {1967) with scopolamine, and by
Michelson (1961) with parpanite.

Environmental Stressors

Mental addition has also been shown to be sensitive to the effects of sleep

deprivation (Haslam, 1985; Rosa et al., 1985) and the physiological effects
associated with underwater diving (e.g., Baddeley and Flemminy, 1967).
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TECHNICAL DESCRIPTION

The three number-pairs are generated pseudo-randomly from the diyits 1
through 9. Zero is disallowed. The display consists of five lines. The
first three lines are the number pairs, vertically aligned. The fourth
line consists of four underline characters. The fifth contains a solid
nonblinking cursor located under the left most underline character. The
display colors are white characters on a light blue background with a dark
blue border.

Valid response keys are the digits 0 through 9, back space, and return
(enter). Digits are echoed to the screen as entered. Invalid keys (e.g.,
letters symbols) are not echoed, but are tallied as “"extras." Back space
moves the cursor to the left, up to but not beyond the left-most digit's
location, to allow overstrike correction. Each occurrence of back space is
tallied as a "correction.," The cursor moves to the right with each digit
entry unless the maximum of four digits is already being displayed, in
which case it remains in place awaiting back space, oveirstrike, or return.

Trial Specifications

Each trial consists of the following steps: (a) a math problem is pre-
sented in the center of the CRT; (b) as soon as the subject enters a valid
response or 15 seconds have elapsed the problem disappears; (c) the subject
enters the rest of the answer and presses the enter or return key; (d) the
screen blanks for 500 msec or feedback is presented if the practice trials
are being run; and (e) a new problem is presented. The subject has 15 sec-
onds to enter the entire answer to a problem and is presented with an audi-
tory signal (e.g., a "beep") if the deadline has elapsed. Furthermore,
during training trials the length of the interstimulus interval is subject

paced.
DATA SPECIFICATIONS

Each trial generates the following three dependent measures: (a) RT(1):
This is the reaction time fcr the subjects first valid (digit) response;
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that is, the left most digit in the answer. (b) RT(2): This is the
reaction time for pressing the return or enter key. The return or enter
key is pressed after the subject has entered the entire answer to the
problem. (c) Response Code: The response code indicates whether the
response was correct, incorrect, or temminated by the deadline. If the
deadline value elapses before the return key is pressed then RT(2) is set
to the vatue of the deadline. If the deadline elapses before any valid key
is pressed then RT{1) and RT(2) are both set to the value of the deadline.

The following summary statistics will be determmined: (1) test duration in
seconds, (2) number of trials completed, (3) nunber and percent correct,
(4) number of backspace corrections, (5) number of extras, (6) number of
deadline occurrences, and (7) averages and standard deviations for RT(1)
and RT(2) computed separately for correct and incorrect responses.

TRAINING REQU IREMENTS

Subjects should be initially introduced to this test by presenting them
with the instructions. Following the instructions the subjects should be
presented with a minimum of 10 practice trials. The practice trials will
differ from the experimental trials as follows: (1) following each
response, the problem will be redisplayed with the correct solution along
with the response entered by the subject and the values for RT(1) and
RT(2), (2) this feedback will remain on the screen until the subject
presses a key; that is, for the practice trials the interstimulus interval

will be subject paced.

During the practice trials the experimenter should carefully evaluate the
subject's performance in order to determine that the instructions are being
followed. For example, the instructions stress that subjects respond
quickly and accurately; however, subjects may be sacrificing accuracy for
the sake of speed or, alternatively, they may be reaching the response
deadline too frequently. Furthermore, the experimenter should ensure that
subjects a2 entering the answers in the prescribed manner (e.g., from left
to right). It should be noted that one normally answers addition problems
from right to left.




To summarize, the training phase for this test should consist of the
following steps:

1. Read instructions to the subjects.

2. Run practice trials and evaluate subjects' performance to ensure that
the instructions are being followed.

3. Repeat the practice trials it it appears that the subjects require
additional practice with the test,

4, Run the experimental trials. Note, if the tasks are being run over
several sessions on this test, one may omit the practice trials after
the first session.

INSTRUCTIONS TO SUBJECTS

This test examines your ability to perform mathematical calculations. The
computer will present you with two column addition problems that you are to
add as rapidly as possibie. The answer must be given by entering the left
hand digit first (usually the hundreds' or tens' digit) followed by the
remaining digits. Once you make an entry the math'problem wiil disappear.
Therefore, it is very important that you know the entire answer to the
problem before making an entry. If you make a mistake you can use the back
space key to correct it. When you are satisfied with your answer, press
the return key.
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Here you would press the 7-key; then the 4-key; then the return key.
Remember to work as quickly and as accurately as pessible. If you fail to
respond in 15 seconds the problem will disappear and a new problem will be
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Section 6
MATHEMATICAL PROCESSING TASK (UTC-PAB TEST NO. §)
(NUMBER FACILITY/GENERAL REASONING)

PURPOSE

The purpose of this self-paced mental arithmetic task is to test a sub-
Ject's information processing resources associated with working memory.
Specifically, the subject is required to: (a) retrieve information from
long tem mehory, (b) update information in working memory, (c¢) sequen-
tially execute different arithmetic operations, and (d) perform numeric
comparisons.

DESCRIPTION

This test requires subjects to perform one or more adaition and/or sub-
traction operations on single digit nuwbers and determine whether the
answer is greater or less than five. Problems are presented in the center
of a CRT screen in a horizontal format for left to right solution and are
followed by an equal sign. The two possible responses for this task
(greater than er less than) are entered via a two button keypad.

Three versions of this task are available for selection and are designed to
produce significantly different response time performance. Each version
requires three mirutes of continuous performance by the subject and react-
ion times are recorded from onset of the problem presentation to the onset
of the subject's response via the keypad. The three versions of this test
are as follows: (a) low demand version--problems containing one math-
ematical operation, (b) moderate demand version--problems containing two
mathematical operations, and (c) high demand version--problems containing

three mathematical operations.

BACKGROUND

The present test was developed by Shirgledecker (1984) and requires the
execution of one, two, or three mathematical operations {addition and/or
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Tx subtraction) within a ygiven problem. There is extensive literature

o regarding the solution of single operation problems; however, very little
% research has been directed at understanding tha processes that underlie the
solution of multioperation problems.

}mﬁg The present discussion will review the literature with regard to multi-
%J operation problems. In addition, research dealing with single digit
‘f addition, single digit subtraction, and multidigit addition will be pre-
o sented, The review of the mental arithmetic literature will involve a

discussion of the four cognitive procedures identified in the PURPOSE sec-
tion of this report (e.g., retrieval of arithmetic information, updating
information in working memory, sequential execution of arithmetic opera-

N tions, and numeric comparisons).

E;

‘ﬁ? Chiles, Alluisi, and Adams (1968) developed a mathematical processiny task

. that required the execution of two different mathematical operations (addi-
'f’ tion or subtraction). This task was designed to be used in the assessment
R of “mental workload." In addition, this task was incorporated into the

‘ﬁa multiple task perfonmance battery (MTPB) which includes other information
B processirg tasks (e.g., auditory vigilance, warning lights, meter monitor-
}S' ing, problem solving, choice reaction time task, tracking, and pattern

-;&' discrimination). Research with this mental arithmetic task has examined

,ﬁﬁ subject's ability to time share among several tasks (e.y., Chiles and

i Alluvisi, 1979; Chiles, Brani and Lewis, 1969; Chiles and Jennings, 1970;
§ Hall, Passey and Meighar, 1965).

k)

.%. Research by Perez (1982) examined working memory storage and processiny in
; the solution of multioperation problems. There were five experiments that
'ﬁ{ examined response latency and error data for problems involving three oper-
"F ations (combinations of addition and cubtractinn). The arithmetic notation
:Q (e.g., algebraic notation, reverse polish notation) for the problens was

ﬁg varied in order to examine a subject's ability to manipulate arithmetic

%* information. Tre resuits showed that: (a) errors in computation were a

iﬁ function of loss of operand information {the digits) and confusion between
%ﬁ operations (e.y., adding instead of subtracting); (b) response latency was
ﬂfv a function of the number of different operations in a problem (e.g., +-+

3
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was slower than +++); and (c¢) an arithmetic notation such as reverse
polish, which minimizes transient memory load, led to better performance
relative to algebraic notation (the superiority of reverse polish notation
over algebraic notation was seen after very little practice with this
"unusual" notation).

Wanner and Shiner (1976) have also employed multioperation problems in the
study of working memory. Their experiment focused on the transient memory
load imposed by problems involving two operations of subtraction and paren-
thesis arranged in one of two different sequences: {a) left parenthesis
problems--(5-4)-1 or (b) right parenthesis problems--5-(4-1). The problems
were presented in left to right order cn a CRT and were interrupted at
various points by the presentation of a series of words that were to be
recalled at a later time. The subjects solved the problems or recalled the
words at the end of the problem presentation (word recall and problem
solution occurred equally often over a series of trials).

Wanner and Shiner found that errors on the memory task and the math task
were related to the transient memory load imposed by pending operations.
For example, the transient memory load for the right parenthesis problems
is greater than for the left parenthesis problems since subjects will need
to wait until the entire problem is presented before computations can
begin.,

Finally, research by Shingledecker (1984) employed multioperation problems
in order to generate a "mathematical reasoning" task with three levels that
produced reliably different performmance. Figure 5 shows average reaction
time and subjective ratinygs of difficulty for the three levels of task
demand (these data are based on a sample of six subjects).

Shingledecker (1984) developed the present version of the task with the
following two considerations: (a) The task was developed as a standardized
loading task designed to place variable demands upon information processing
resources associated with the comparison of numeric stimuli. The selection
of the three task demand levels was determined empirically. That is, the
number of operations and combinations of the operations of addition and
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subtraction were factorially conbined during the initial phase of task
development. The present levels were those that were shown to statis-
tically differ fran each other and represented an increasing degree of task
difficulty (e.g., systematic increases in reaction time and number of
eirors). (b) The math processing task was based on a theoretical model of
hivicn information processing which posits three primary stages of pro-
¢rssing and associated resources dedicated to perceptual input, central
processing, and motor output or response activities (e.g., Wickens,

1984). The present task is presumed to tap resources that are primarily
associated with central processing. Furthermore, this task involves
relatively basic central processing activities such as information manip-
ulation or transpositions based on implicit or memorized rules.

As described above, performance on the task may be broken down into four
processing stages: (a) retrieval of arithmetic information from long term
memory, (b) updating information in working memory, (c) sequential execu-
tion of different arithmetic operations, and (d) a numeric comparison.
Literature regarding the above cognitive functions will be briefly outlined
and discussed with respect to the three different versions of this test.

A1l conditions in the present task will require the retrieval of arithmetic
information. from long term memory. Research by Ashcraft and Battaglia
(1978) (Ashcraft and Stazyk, 1981; Stazyk, Ashcraft and Haman, 1982) has
shown that adults solve simple arithmetic problems via a memory

retrieval. Adults appear to rely on a well organized memory structure and
not so much on procedures such as counting., The data indicates that adults
may have stored something analogous to "math tables" in long term memory.

The conditions involving multiple operations will require subjects to
rapidly and sequentially carry cut different arithmetic operations. Also,
subjects will need to maintain and update an answer to the problem (e.g.,
"7+42 -4 -3", will result in the sequence of answers: 9, 5, 2). This type
of activity will require working memory storage (e.g., Wanner and Shiner,
1976) and processing. Previous research (e.g., Perez, 1982) has shown that
transitions from one operation to another (+ ther -) requires more time




than sequential operations with the same operator (+ then +). The above
suggests a memory priming effect in terms of arithmetic operations.

Finally, the present test will require subjects tc compare an internally
generated answer against a standard (is the computed answer greater or less
than 5). Restle (1970) required subjects to compare the sum of two numbers
(A + B) against a standard (C) and select the greater of the two (A + B or
C). Results indicated that response iatency decreased as the relative dif-
ference between the sum and the standard increased. The results were
interpreted in temms of an analog operation in which subjects placed the
magnitudes (A + B and C) symbolized by numbers on the number line for map-
ping and judging.

In summary, the UTC-PAB math processing test contains three versions that
impose different demands on the human information processing system with
respect to memory retrieval, updating working memory storage, sequential
execution of mathematical operations, and numeric comparison. The three
versions can be summarized in terms of the above four processing compo-
nents: (a) Low Demand Version: The response latency will be a function
of memory retrieval and number comparison. Errors may be due tc associ-
ative confusion between operations (Winkleman and Schmidt, 1974), or the
number comparison process. (b) Moderate Demand Version: The response
latency will be a function of memory retrieval, updating working memory,
serial execution of operations and number comparison. It should be noted
that these problems may require two or more memory retrievals. For exam-
ple, a problem such as "9+8 -5" will generate a value of "17" as the first
result. The second calculation (17-5) may be performed in two stages
(e.gs, 7-5 = 2, 2+10 = 12) and, thus, the entire problem may require three
memory retrievals of math facts (see Hitch, 1978, for data suggesting that
adults soive "complex" math problems in a series of elementarv stages).
Errors in performance may rasuit from a failure in one (or more) of the
above four processing components. (c) High Demand Version: The response
latency will be a runction of memory retrieval, updating working memory,
serial executicn of operations and number comparison as with two operator
problems; however, additional processing will be required with respect to
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memory retrieval, updating working memory, and the serial execution of
operations.,

As can be seen, this test contains three versions that differ in temms of
the degree to which subjects manipulate arithmetic information., Perform-
ance in this task appears to be diagnostic of long term memory retrieval
and working memory storage and processing. For example, if a manipulation
(e.g., drug) impairs perfomance on the two or three operation problems bu*
not on ore operation problem, one may conclude that the factor under study
(e.g., drug) affects the manipulation of information in working memory but
not the retrieval of information from long term memory.

RELIABILITY

Reliability information is not available for the UTC-PAB version of the
inathematical processing test. However, reliability data have been obtained
on a paper and pencil arithmetic test involving addition or subtraction of
two 3-digit numbers, multiplication of two 2-digit numbers, and division of
a 4-digit number by a 2-digit number (Seales, Kennedy, and Bittner,

1980). There were 18 subjects in this study who were tested on 15 con-
secutive days. A test consisted of 64 math problems during the first seven
days and 96 problems for the remaining days. Subjects were tested in 10
minute sessions. Arithmetic performmance (total, attempted, total correct,
and correct minus wrong) showed improvement over the first nine days of
testing and remained stable thereafter. In addition, the interday cor-
relations for the above three measures were relatively high (mean r = .935,
.941, and .921, respectively).

Chiles, Jennings, and Alluisi (1978) reported reliability coefficients for
a multioperation task which required the addition of two 2-digit numbers
and the subtraction of a third 2-digit number {e.g., 12+15 -13 =). There
were 94 subjects in this study; however, only 51 subjects were tested on
two consecutive days. The subjects received 15 minutes of practice before
the start of testing. The math task was performed in conjunction with one
of the following two tasks; a probiem solving task and a manual tracking
task. Alsco, the subjects were required to perform two monitoring tasks
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N (tight and meter monitoring) in addition to the above tasks. The authors

‘33. computed reliability coefficients by correlating performance on the wath
f&v task across all of the task combinations. The average correlations for

ﬁm those subjects tested for one day were .73 and .82 for sulution time and
o0y accuracy, respectively. For those subjects tested on two consecutive days,

the average correlations were .01 and .71 for solution time ahd accuracy,
o respectively, The above reliabi. :cy data indicate that perfonnance on a
math task is relativeiy stable over time. Furthermore, research by Chiles

z et al. (1978) indicates that performance on multioperation problems is
:@ reliable for both speed of solution and accuracy. However, the nresent
.§{ test contains three different versions that differ from the studies

reviewed here. The prescent data suggests that the UTC-PAB mathematical
pr-cessing test «ill yield stable performance over time (even with little

N practice); however, additional reliability data is needed.

. VALIDIY

i

?. This test appears to tap resources associated with working memory storage
b, and processing. In addition, the present test requires the retrieval of

arithmetic information (e.g.. math facts) from long term memory and a num-
N ber coumparison judgement. A; stated earlier, research with single digit
addition problems (e.g., Ashcraft and Stazyk, 1981) has supported the
hypothesis that simple addition problems are solved via a memory retrieval
process (this is true of adults). In addition, research with multidigit

:23 addition problems (e.g., Hitch, 1978) has shown that the solution o* com-

‘; plex math preblems require wocrking memory storage and are solved in a

L series of elementary steps.

‘gq Research by Chiles et al. (1978) with multioperation prob]ems‘also indi -

f; cates that a math processing task taps resources associated with working

%3 memory processing. For example, in their study a multioperation arithmetic
task was performed concurrently with either a problem solving task (e.g.,

*? code lock solving task) or a manual tracking task. Performance on the math

&; task was worse when performed with the problem solving task (percent cor-

b rect = 70.94) relative to when it was time shared with the tracking task

s;, (percent correct = 82.37). The manual tracking task appears to tap

i
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rasources associeted with motor response processing and should not inter-
fere with a task such as the math processing test (e.9., Wickens, 1384),
On the other hand, two tasks that involve working memory processing (e.y.,
math task and the code lock solving task) do interfere with each other.

SENSITIVITY

This review indicates that the UTC-PAB mathematical processing task tests
resources associated with #orking memory storage and processing. Perform-
ance on this test is sensitive to the load imposed by a secondary task
which invelves working memory processing (e.g., code lock solving task).
This selective sensitivity to secondary task load suggests that the mathe-
matical processing task has a utility as a diagnostic tooi.

Tie present version of this test has not been employed in the study on the
effects of toxic substances, drugs, or environmental <tress. However, the
multioperation task developed by Chiles et al. (1968) has been employed in
behavioral toxicology research. For example, Morgan and Repko (1974)
tested 316 workers manufacturing auto storage batteries for 3 to 16 years
and a control group of 112 workers, The purpose of this study was to pra-
vide a quantitative assessment of chanrge in performance which could result
from occupational exposure to inorganic lead. The study did not reveal a
significant difference in mathematical processing performmance between the
lead exposed workers and the control group. Furthermore, the only dif-
ference in performance between the lead exposed and control subjects was on
a test of eye-nand coordination (the exposed workers had less than 80 mg of
tead per liter of blood which is a relatively lTow level of lead expo-
sure). The exposed workers were slower than the control workers on the
test of eye-hand coordination.

Negative results have aiso been demonstrated by Chiles and Jennings (1970)
with respect to the effect of alcnhol consumption on mathematical pro-
cessing, This study involved several other tasks from the MTPB (e.g.,
warning lightc, problem solving, etc.) which were performed concurrentiy
with the math processing task. However, research by Repko et al. (1976)
which studied the effects of exposure to methyl chloride on human
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information processin) tound a dffference batween expased and conirdi
subjects on mathematical processing. This study involved 45 contro)
subjects and 122 workers exposed to approximately 35 ppn of methyl
chloride. . .

The above indicates that the warhematicai processing task developed by
Chiles et al. (196&) is sensitive to secondary task 1nad if the secondary
task requires working memory storage and processing, In additien, toxicoi-
ogy research by Repko et ai. (1976) showed that the math processing task
was sensitive to the effects of methyl chioride exnasure. However,
research involving exposure to lead (Morgan and Repko, 1370} and alcohol
consumption (e.g., Chiles and Jannings, 1970) did not show significant per-
formance decrements on the math processing task.

The present data suggests that Lnhe UTC-PAB math processing task may be sen-
sitive to the effects of drug if the drug disrupts werking memory pro-
cessing. However, relatively littie research has been conducted with ire
UTC-PAB version of this test. Furthermore, the UTC-PAB version of this
test contains three versions that appear to differ qualitatively with
respect to cognitive operations. That is, the Tow demand version appeers
to principally involve retrieval of math facts from long term memory and a
math comparison process; however, the muderate and high demand versions
appear to involve working memory storage and processing in addition Lo long
term memory retrieval and the nunber comparison process.

TECHNICAL DESCRIPTION

Problems are presentad in the center uf the CkT in a horizontal format for
left to right solution and are followea oy an "equal" sign. Problems are
randomly generated with the following restrictions: (1) the digits !
through 9 are used, (2) the correct answer may be any digit trom 1 to 9
except 5, (3) half of the problems presented i1n a set of trials will have
an answer greater than 5, the other half wiil have an answer less than b,
(4) when problans are solved fran left to right, cumuiative intermed:ate
totals must have a positive value, and (5) no provlems will coniain the

same digit twice unless they are both preceded by the same operator (e.g.,
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+6 and -6 would not appear in the same problam). Example problems are
shown on Figure 6.

The subject responds Lo each problem by pressing one of two keys on a key-
pad in ortder to indicate whelher the answer to the problem was ygreater (>)
or less (<) than 5. The nature of the manual response requiremernts is the
same for the low, moderate, and high demand versions of the test.

Trial Specifications

Each trial will consist of the following steps: (a) a math problem will be
presented in the center of the CRT; (b) as soon as the subject enters a
valid response or the deadline has elapsed (1.5 seconds for low demand,

3 seconds for moderate demand, and 4 seconds for the high demand version)
the problem will disappear, (¢) the screen blanks for 500 msec or teedback
is presented if the practice trials are being run; and (d) a new problem is
presented. During the experimental trials subjects are tasted continuously
for 3 minutes with above procedure.

DATA SPECIFICATIONS

For each 3-minute trial block the following data will be recorded: (a)
Reaction Time (RT): Reaction times will be recorded for each response
(e.g., > or <) in the trial block. {(b) Response Code: The response code
will indicate whethei the response was correct, incorrect, or terminated by
a deadline, If the deadline value elapses before the key press then the RT
for that trial will be set to the value of the deadlirne,

The following summary statistics will be detemmined: (1) number and per-
cent correct, (2) number of deadline occurrences, and (3) averages and
standard deviations for RT computed separately for correct and incorrect
responses (incorrect responses resulting from deadline termination will not

be considered).
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A. Low Demand Version Correct Answer

7-1= > 5
4 +2 = <5 i
9.7 = <5

B. Moderate Demand Version

6 -5+2-= <H

9-1-2-= > 5

2+1-1-= <5
C. High Demand Version

9+7 .5-1= >

1+41+3-1-= <

8-7+5-3-= ) <

Figure 6. Examples of Low, Moderate, and High Demand Problems [For
Each Problem Subjects will Depress One of Two Leys in Order
to Indicate Whether the Answer was Greater (>) or Less (<)

than 5]
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TRAINING REQUIREMENTS

Subjects should be initially introduced to this test by presenting them
with the instructions. Following the instructions the subjects should be
presented with a minimum of 10 practice trials. The practice trials will
differ from the experimental trials as follows: (1) following each
response, the problem will be redisplayed with the correct solution along
with the response entered by the subject and the value of the RT, (2) this
feedback will remain on the screen until the subject presses a key; that
is, for the practice trials the interstimulus interval will be subject

paced.

During the practice trials the experimenter should carefully evaluate the
subject's performance in order to determine that the instructions are being
followed. For example, the instructions stress that the subject respond
“quickly and accurately”; however, subjects may be sacrificing accuracy for
the sake of speed or alternatively they may be reachinyg the response dead-
line too frequently. Furthermore, the experimenter should stress the fact
that problems should be solved in a left to right format in order to avoid
negative intermediate results.

For this task, training times required for subjects to reach asymptotic
performance have been determined. For example, training times for the
three test versions are as follows: (1) low demand version--seven 3-minute
trials; (2) moderate demand version--10 to 14 3-minute trials; and (3) high
demand version--10 to 30 3-minute trials. It should he noted that the
above training times are based on one study that utilized a rather small
sample size (N = 6). In addition, the above subjects were from a subject
pool and were highly practiced on behavioral performance tasks.

To summarize, the training phase for this test should consist of the
following steps:

1. Read instructions to the subjects.
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2. Run practice trials and evaluate subjects' performance to ensure that
the instructions are being followed,

3. Repeat the practice trials if it appears that the subjects require
additional practice with the test.

4. Run the experimental trials. Note, if the tasks are being run over
several sessions on this test, one may omit the practice trials after
the first session.

INSTRUCTIONS TO SUBJECTS

In the Math Processing task, you must solve a number of simple addition and
subtraction problems to determine whether the correct answer is greater or
less than 5. The two possible reponses on the task are "greater than"
(>) and "less than" (<). Greater than responses are entered on the right-
most key and less than responses on the leftmost key. No problem will ever
have the value 5 as the correct answer.

You stari the task whenever you are ready by pressing any of the response
keys. Testing periods last for 3 minutes each. Math problems appear one
at a time on the screen, and should be solved from left to right. Always
perform the additions and subtractions in the order that they appear in the
problems. As soon as you respond to a probleni, a new problem will

appear. Try to perform the task as quickly and accurately as possible, Go
as fast as youvcan, but if you start to make errors because you are trying
to go too fast, slow down. You should try to respond correctly to every
problem., At the end of the 3-minute testing period, the task will auto-
matically stop and the screen will go blank.

The number of additions and subtractions to be performed in each problem
will vary from one 3-minute period to anuther. On some periods problems
will require only cne addition or subtraction to be performed; on others,
two additions and/or subtractions; and on others, three operations. How-
ever, in a given 3-minute test period, all problems will have the same
number of mathematical operations.
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Section 7
CONTINUQUS RECOGNITION TASK (UTC-PAB TEST NO. 6)
(WORKING MEMORY--ENCODING and RECOGNITION)

PURPOSE

The Cantinuous Recogniiion Task is designed to place variable demands upon
processing resour~es associated with encoding and storage in working mem-
ory. The task tests a subject's ability to encode, rehearse, recall, and
compare numbers in short term memory on a continuous basis.

DESCRIPTION

The memory test consists of a random series of visual presentations of num-
bers which the subject must enccde in a sequential fashion. As each number
in the series is presented for encoding, a probe number is presented simul-
taneously. The operator must compare this probe number to a previously
presented item at a prespecified number of positions back in the series.
The operator must decide if the previously presented item is the same as or
different from the probe number, Thus, the task exercises working memory
functions by requiring operators to accurately maintain, update, and access
a store of information on a continuous basis. Task difficulty is manipu-
lated by varying the numbe~ of digits which comprise each item, and the
length of the series which must be maintained in memory in order to respond
to recall probes.

BACKGROUND

The Continuous Kecail Task is a .est of running working memory. Runninyg
memory involves the short term mewrry of symbols under a continuously
changing storaye state. That is, i.ems are presented in an unsystematic
running order and require the continuous recall of a recent item for each
successively presented item. Once an item has been recalled it is excluded
from short term memory while the current item is encoded. The task
involves mental processes similar to those used in the monitoring of
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instrument gauges, where the retention and recall of only recent occur-
rences are appropriate for efficiency while the exclusion of past items is

necessary.

The early predecessor of the Continuous Recall Task was the Runninyg Match-
ing Memory (RMM) task. The RMM task was devised by Moore and Ross (1963)
in order to investigate the effects of context on running memory. The RMM
task reaquires the subject to say whether each svccessively viewed symbo! in
a running, randonly ordered series was the "same" or "different" from the
symbol seer in a specified number of symbols back in the series. For exam-
ple, a ?-back match would involve comparing the third symbol presented with
the first, fourth with the second, fifth with the third, and so on for 40
trials., Moore and Ross (1963) used Z-back sequences and maripulated con-
text by varying: (1) the number of different symbols comprising individual
series of symbols (+, -, , 0), and (2) the different symboi combinations
occurring within a symbol series, The task was subject paced and thre mean
number of errors was measured,

Different combinations of preceding 3-symbol sequences (e.g., ++-, -+-,
+++) were analyzed for eacn number of symbnls (two, three, or four)
comprising the series. Results showed that when more symbols were used,
mean number of errors declined. Also, mean errors deciined when the
exposed symbol was "novel" (unrelated to symbols already in memory).

The RMM task was als¢ used to investigate serial order as a unigue source
of error in running memory (Ross, 1966a). Task difficulty was varied by
having subjects perform 2-back, 3-back, 4-back series, or some combination
of two series. The time allowed for recall was also manipulated. Total
symbol processing time was either 2.75 secoirds or 5 seconds. Results
revealed a constant amount of error for the "XYY" symbol combination (i.e.,
-++ or +--) regardlass of symbol processing time and retained symbo:

load. These results indicate thac memory for serial order produces unique
sources of error in running memcry., Total errors increased ac the number
hack to be recalled increased, and as total processing time decreased.
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Ross (1966b) also devised a two channel version of the RMM task. In this
version of the task subjects were required to perform l-back matches on
symbols viewed on the left display, and at the same time pertform 2-back
matches on diffarent symbols presented on the display on the right. The
order in which the two displays were responded to was varied. It was found
that those subjects who performed a l-back match before performing a 2-back
match committed more errors on 2-back matching than subjects who performed
2-back matches each trial, Serial order (symhol combinations) was a
greater source of asror than was symbol load.

The Continuous Recognition Task was also implemented by Hunter (1975} as
part of an Air Force Psychomotor/Perceptual Battery. The task invalved
both immediate and short term memory of symbols under continuously changing
storage state. This version of the test consisted of a continuous random
series of presentations of one of nine geometric keyboard figures. The
subject was instructed to depress the appropriate keyboard button for the
figure which appeared two figures back whken the third figure appears on the
display. Each time a new figure appeared, the subject was to press the
appropriate button for the figure which appeared 2-back. In the immediate
memory test the figures were displayed for a two second stimulus duration
with a two second intersignai interval. The delayed memory portion of the
test had an intersignal interval of 5 seconds. For both garts, the number
of correct responses was taken as the dependent measure. The performance
data indicated that subjects performed better in the delayed memory condi-
tion than in the immediate memory condition. Subjects averaged 16.06
correct responses out of 25 stimuli in the delayed condition, but averaged
only 12.77 correct responses in the immediate condition. A factor analysis
was performed for all the tests in the battery. The Continuous Recall Task
obtained a high loading on one of the factors identified as "figural mem-
ory." This factor principally defined those variables in which the subject
must remember strings of geometric figures in particular order.

The UTC-PAB version of the Continuous Recognition Task is taken from the
Criterion Task Set version (Shingledecker, 1984). The Criterion Task Set
(CTS) is a battery of standardized cognitive tasks designed to place
variable demands on resource allocation for a variety of cognitive
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prucesses., In the CTS version of the Continuous Recognition Task, a random
series of nunbers is visually presented in a sequential fashign whici che
subject must encode. As rach number in the series is presented, a probe
number 1S presented simultanedusly above 1t The operater must compare
this probe numbar to a previously preserted item at a prespecified number
o¥ positions kack in the series. Once the operator has made the apvro-
priate recall, he/she must decide if that item is the same as/or different
from the probe number, Three significantly different task demand levels
are produced by the foiiowing conditions: 1low demand--reculling one posi-
tion back one digit number; medium demand recallinyg two positions back two
digit numbers; high demand--recalling three positions back four diyit
numbers. The tesk is subject paced and roughly half of the probe numbers
result in a recall comparison of "same." Reaction time and subjective
difficulty measures show signiricant difrerences between the three levels
of difficuity. Reaction times avefaged approximately 575, 750, and 1200
mseconds for low, medium, and igh demand respectively.

The Continuous Recognition Task has not been formally related to any
specific model of memory. Hunter (1975) states only that the task involves
both immediate and short term memnry of symbols under continuously changing
storage state. It is evident from the nature of the task that different
processing resouvces associated with short term (working) memory are
required, The subject must encoude items into working memory and maintain
the items in memory by rehearsal. The order of the items in memory must
also be maintained. As each subsequent stimulus is presented, the subject
must recall one of the items in memory, compare it to the newly presented
item, make the appropriate response, and encode the new item for rechear-
sal. This process is repeated on a continuous basis. The rationale for
requiring subjects to make "same" and "different” comparisons was that it
necessitated subjects to perceive and make use of every symbol before it
was placed in their memory store. Thus, retention errors owing to sub-
ject's failing to perceive the symbols should be minimized. This is nnt
the case in the UYC-PAB version of the task. In this version, prouve items
do not become target items. The new target itam is displayed beiow the
probe and, thus, is not processed before it is encoicd into short term mem-
ory. Requiring a match to be made of each symbol exposure also cut down on
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any tendency for the subject to citegorize symbols according to serial
patterns.

Symbol processing time, retained symbol load, and serial order of symbols
all uniquely influence performance on the task. The data from Ross (1956a)
show a large decrease in mean errors on the task, for each level of pro-
cessing load, when symbol processing time was increased from 2.75 seconds
to 5 seconds per symbol. Hunter (1975) also found a significant difference
between delayed and immediate recall. The increase in performance on the
task in the delayed condition further suggests that the rehearsal of items
is important to the task. In most short term memory experiments, the 1ike-
Tihood that an item in a 1ist will be recalled tends to increase with the
amount of time available for its rehearsal. The extended interstimulus
interval in the delayed condition allows for more rehearsal of the stimuli
than in the immediate recall condition.

Retained symbol load is a function of the number of stimulus items in mem-
ory due to the number of items back the subject is to recall and/or the
complexity of each stimulus item. Subjects performing longer match backs
have to retain more symbols on every trial causing an increase in averaye
storage load. If the items to be retained are lurge (e.g., 4-digit numbers
versus 1-digit numbers), the average storage load would be further
increased. The experiments conducted by Ross (1966a) and Shingledecker
(1984) both show significant increases in errnrs with an increase in
retained symbol load. Also, if symbol processing time was increased by an
increment proportional to the increase in match back length, one second per
additional symbol, longer watch backs would still tend to produce more

errors (Ross, 1966a).

The experiments utilizing the RMM task (Moore and Ross, 1963; Ross, 1966a;
Ross, 1966b) have demonstrated that serial order of symbols affects running
memory. Certain symbol combinations that have been encoded into short temm
memory produce more errors than other combinations. This finding holds for
different symbol processing times and different length match backs. The
serial order effect seems to occur when there is immediate repetition of an
item; that is, when the required item to recall is the same as another item
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in memory. Thus, the greater number of possible items, the less cnance
there is of a serial order effect. Also, the effect does not otcur with 1-
back matching as there is no other item in memory besides the one beiny
recalled. The serial order effects discovered indicate that the processes
nzcessary to retain the order of tne items may be uniguaiy aifferent from
nther processes involved in running memory. Serial order effects should
not have an influence in the UTC-PAR version of the task, however, since a

- large number of symhols are used.

RELIABILITY

Reliability estimates for the Continuaus Racognition Task were computed by
Hunter (1975) using the Kuder-Richardson Formula-20 (KR-20). Computations
were based on performance data (percent correct) from 305 subjects. Relia-
bility for both the immediate and delayed memory versions of the task was
.93. This type of reliability (interitem consistency) is based on tihe con-
sistency of responses to all items in the test. The interitem consistency
is found from a single administration of a single test. No studies have
reported test-retest reliability for the Continuous Recall Task. Test-
retest reliability involves computing the correlation between scores
nttained by the same person on two or more administrations of the test.
Since the UTC-PAB version of the task is intended for use in environmental
stuuies, which usually require repeated testing of subjects, test-retest
reliabiiity would be more beneficial than interitem consistency for this
task. Thus, experiments utilizing repeatad testing of the Continuous
Recall Task that report test-retest reliability would be of great value to
this task.

VALIDITY

The Continuous Recognition lask is intended to test processing resources
associated with short term memory by requiring subjects to encode,
rehearse, retrieve, anc cumpare numbers in running memory on a ccntinuous

basis. Since the serial order of items is not predictable, and good
performance requires continuous discarding of items that are no longer

80

ACIU AP bt MY AW AL A A SR S Y A PR AL R A AR A A LS TR AR TS A LS cam el s T e = S




VVEETRE. weET—

useful, the Continuous Recognition Task is closer than list learning tasks
to evervday information processing.

A factor analysis revealed that the Continuous Recognition Task was highly
loaded (.85) on a factor involving the memory of strings of figures in a
particular order (Hunter, 1975). Construct validity is further supported
by the replication of several results in a number of experiments. Longer
symbol processing times have been shown to increase performance on the task
(Hunter, 1975; Ross 1966a). This result is consistent with current the-
ories of short term memory rehearsal (Craik and Watkins, 1973). Ross
(1966a) and Shingledecker (1984) have demonstrated that larger retained
symbol loads on this task result in an increase in the number of errors.
Also, Moore and Ross (1963), and Ross (1966a,b) demonstrated the serial
order of lists results in an increase in the number of errors.

SENSITIVITY

The Continuous Recognitien Task nas not been extensively used in environ-
mental research. The only such research reported utilized the two channel
RMM task to assess the effects of transverse G-stress on short term memory
(Ross and Chambers, 1967). In one earlier study the 2-channel RMM task was
found to be differentially sensitive to a range of alcohol dosages
(Carpenter and Ross, 1965). However, the action of G-stress provides a
sharp contrast with that of alcohol in that a constant physical force is
applied for an exactly specified period of time.

Ross and Chambers (1967) designed an experiment to detemine the effect of
different amounts of G-stress on RMM performance. The investigators were
also interested in detemining whether previously found serial order
effects would be manifest under G-stress. The RMM task involved the random
presentation of thc numbers one and two in the left display and the random
presentation of the signs "+" and "-" in the right display. Swvmbols in the
two dispiays came on simultaneously for 2 seconds and went off simultane-
ously for .75 seconds allowing a total information processing time of

2.75 seconds. The viewed number on the left was matched with the previous
(1-back) number as to whetner it was "same" or "different.,” while the
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viewed sign on the right was matched as to whether it was "same" or “dif-
rerent" from the next to the last (2-back) sign. Subjects responded on
each successive tricl by twice pressing the response buttons on a four
button response handie.

Subjects were administered G-stress under controlied conditions by use of a
human centrifuge. Either 3, 5, 7, or 9 Gs were induced in a given 2-minute
and 18-second experimental run. Only transverse stress (chest to back) was
induced. Subjects performed the RMM task under each stress level and in a
static state (1-6G lying on back) after each condition.

No memory deficit was found at 3-G. Signivicant memory deficit was found
at 5-G and 7-G with still greater deficit at 9-G. Most of the deficit
occurred during the latter half of each 2-minute and 18-second stress
period. Performance decrenents during dynamic (stress) series did not
carry over to subsequent static series; therefore, the decrements were pro-
duced by the immediate situation rather than as a product of fatigue.
Results also indicated that for retained symbols, serial order errors are
not sensitive to G-stress. However, stress versus nonstress differences
were found in serial orders that included a previously correct symbol that
subjects had to discard. This finding ied the authors to hypothesize that
subjects under G-stress curtailed the number of symbols they processed
during a memory match, That is, under G-stress the discarded symbol pre-
ceding the matched symbol is retained to a lesser extent. This curtailment
of symbols is advantageous insofar as it lessens interference from the
symbol that should be discarded. Such an improvement is, however, only
relative, as total errors for all G-stress conditions were greater than for

static conditions.
TECHNICAL DESCRIPTION

The UTC-PAB version of the Continuous Recognition Task contains three
standard loading levels. In the low demand condition, memory items are one
digit in length and subjects are required to recall one iten back in the
series. In the moderate demand condition, items are two d.gits lony and
recall is two positions back. In the high demand condition, items are four

82

O LSRR L Wl A L YT T e Y WP W W K P



B b S IRV TRV WA e

dizits long and recal) is three positions back. In all conditions of the
task, items are displayed serially on a CRT screen with the following
restrictions: (1) test numbers must be randomly generated, (2) only the
numerals 1-9 are used, and (3) roughly half of the probe numbers must
result in a recall comparison of “same." Test numbers and probe numbers
are simultaneously presented as well as terminated. The test numbers
always appear below a line centered on the CRT while the probe numbers
appear directly above the line. 3ince the probe number does not become a
test number, each new test number is not preprocessed before it is encoded

into memory.

Test trials consist of 3 minutes of continuous performance. In all con-
ditions, the task is subject paced within the 1imits of selected deadline
reaction times. Maximum acceptable reaction time in the training mode is
15 seconds for all conditions, If the subject does not respond within

15 seconds after the onset of the test item, the next item is automatically

presented.

In the testing mode, the reaction time deadlines are reduced: 1.1 seconds
for the 1-digit 1-back condition; 1.7 seconds for 2-digits 2-back; and

2.3 seconds for 4-digits 3-back. The probe and target display is approxi-
mately 1.25 inches high. Each number is approximately 2.5 inches by

.13 inches, and should be viewed from a distance of roughly 60 cm.
Responses are entered on a two-button kevpad. A new display of numbers is
presented whenever a button is pressed or when the deadline time has

elapsed.

Trial Specifications

Each trial of the Continunus Recall Task lasts for 3 minutes. A trial is
iritiated by pressing eitner of the response keys. At this point, the
first test and probe numbers are preseinted. The subject is to encode the
test number and not process tie probe number which shall be "00." The sub-
Ject shall encode sequentially test numpers and ignore probe items until
the number of presentations has equalled the number of match backs that the
subject is to perforn. For example, if the subject was to perform the
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2-digits, two positions back condition, the subject wouid encode the first
two test digits while ignoring the probe items. On the third presentation,
the subject would begin comparing the pirobe items t¢ the test items which
occurred two positions back. The subject would cuntinue responding on
every subsequent presentation until the 3-minute period as expired.

UATA SPECIFICATIONS

Unprocessed data are collected and stored on all trials. The data to be
recorded are: (1) time of onset of the probe and test item, (2) time of
subject’'s response, (3) identity of test and probe numbers, and (4) iden-
tity of response. The following summary statistics will be calculated for
each trial: (1) number of problems responded to, (2) number and percent
correct, (3) number and percent of errors of commission (incorrect
responses), (4) number and percent of errors of omission (no response
within deadiine), (5) number and percent of total errors, (6) mean and
median RT, and (7) standard deviation of reaction time,

TRAINING REQUIREMENTS

A typical strategy sugyests that subjects first inspect the probe number
above the line and decode whether or not it matches the appropriate item in
memory. Next, the test number below the line is encoded. Finally, the
decision response is made on the key pad. Major practice effects for the
Continuous Rec2ll Task are «luninated within five to seven 3-minute train-
ing trials at each of the three .cadinyg levels.

To summarize, the training phase for this test should consist of the
fo1lowing steps:

1. Read instructions to the subjects.,

2. Run practice trials and evaluate subjects' performance to ensure that

the instructions are being followed.
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3. Repeat the practice trials if it appears that the subjects require
additional practice with the test,

4. Run the experimental trials. Note, if the tasks are being run over
several sessions on this test, one may omit the practice trials after
the first session.

INSTRUCTIONS TO SUBJECTS

In the Continuous Recognition Task, you will be presented with a series of
two numbers, one appearing above the other. Both numbers will consist of
either one, two, or four digits. Your task is to memorize the bottom num-
ber, and decide whether the top number is the same as the bottom nunber
that you memorized one, two, or three screens earlier. In one task condi-
tion, the numbers will be single digits (1-9}, and the top number must be
compared to the bottom number from the previous screen {1-digit 1l-back).
When the numbers are composed of two digits (10-99) the top number is com-
pared to the bottom number appearing two screens back (2-digits 2-back),
and when the numbers are four digits long {1000-9999), the top number is
compared to the bottom number that appeared three screens back (4-digits
3-back). For example, in the 1-digit l-back condition, if the stimuli

were:
Screen 1 Screen 2 Screen 3 Screen 4

[ 4 I 3

4 7 2 1

the correct responses would be: Screen 1 either same or different (neither
response is incorrect because there is nothing one screen back from the
first screen; press either key when you have memorized the bottom number);
Screen 2--"same," because the top number "4" matches thn bottom number on
the previous screen; Screen 3--"same," since the "7" on top is the same
number as the bottom "7" on Screen 2; Screen 4--"different," Decause the
“3" does not match the "2" on Screen 3. The procedure is the same in the
other conditions except that considered responses are not required for the

85




T T Y TN T T T T T T R T .-

tirst two or three screens and the top numbers are compared two or three
screens back.,

In order to successfully perfonrn this task, you will have to do two things
every time the screen changes. First you must memorize the bottom number,
and then you must indicate whether the top number on the current screen is
the same or different from the bottom number on one of the previous
screens. Remember that you must memorize the bottom number before you
respond, because a new screen will appear when you press a key, and the
information will be lost. Also, keep in mind that in the l-digit 1-back
condition, th2 response to the first screen doesn't matter; likewise the
first two or three responses do not matter in the 2-back 2-digit and 3-back
4-digit conditions respectively. On the first "memorization only" screens
the top number will always be a zero.

You will be starting each data collection period by pressing either
response key. Data collection trials last 3 minutes. You should try to
respond as quickly and as accurately as possible. When you enter a
response, the next screen will immediately be displayed. If you find your-
self making errors from trying to go too fast, slow down. However, do not
take any more time than is necessary to remember the bottom number and cor-
rectly respond to the top number, At the end of the 3-minute period the
task will stop and the screen will go blank.
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Section 8
FOUR-CHOICE SERIAL REACTION TIME (UTC-PAB TEST NO. 7)
(ENCODING, CATEGORIZATION, RESPONSE SELECTION)

PURPOSE

This task is designed to evaluate information processing resources dedi-
cated to stimulus encoding and categorization, and response selection,
although it is probable that resources dedicated to encoding are tapped

most heavily.

DESCRIPTION

A blinking "+" (plus sign) imposed on the cursor in one of four quadrants
of a CRT is presented to the subject. The subject is instructed to press
the key (one of four) on the keyboard that corresponds to the quadrant with
the blinking “+." The blinking "+" remains in a quadrant until one of the
four keys is pressed and then randomly reappears in any one of the quad-
rants. If none of the four buttons are pressed within 2.5 seconds, a bell
rings at 0.1 second intervals until a response is made, Subjects are
instructed to respond as quickly and accurately as possible. The task

lasts 6 minutes.

BACKGROUND

Development of UTC-PAB Version of the Four-Choice Reaction Time Task

This task is a modification of the four-choice reaction time task developed
by Wilkinson and Houghton (1975). The authors' objective was the field
application of a classical laboratory paradigm. The achievement of this
objective was realized as a result of the utilization of a battery operated
tape recorder which created the potential for satisfaction of the two chief
demands of field testing: self administration and portability. The tape
recorder was adapted to perform the triple function of housing the display
and response apparatus, generating a program of stimuli, and recording the
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response data. The program generation and data storage capabilities were
made convenient utilizing standard magnetic tape cassettes,

The adaptation of the Wilkinson and Houghton (1975) portable four-choice
reaction time test to microcomputer administration (as per the UTC-PAB ver-
sion) was presented by Ryman, Naitoh, and Englund (1984). This adaptation
is especially useful with reference to the widespread availability and
efficiency of digital computers. A computer can perform all of the tasks
assigned by Wilkinson and Houghton (1975) to the portable tape recorder
more quickly and efficiently. Self administration of the task remains a
possibility with the computer version. The microcomputer adapatation may
not be as readily portable as a tape recorder, but conputer technology 1is
certainly moving in this direction.

The Choice Reaction Time Paradigm: An Qverview

Any choice reaction time experiment is usually characterized hy the fol-
lowing properties: a set of possible stimuli, a set of possible responses,
and a mapping of the stimuli into the response that is specified by the
experimenter. On a given trial, one of the possible stimuli is presented
to the subject whose task consists of making the response appropriate for
this stimulus as quickly as possible (Smith, 1968). Of course, reaction
time is the major dependent variable, but this paradigm lends itself to
several others (Table 10).

The origin of this notion of applying reaction time measures to decision
making behavior must be attributed to the 19th century scientist,

F. C. Donders (1969; translated from the 1868 original) in his development
of the subtraction method. Utilizing this method, Donders attempted to
understand various "mental processes" by attempting to indirectly measure
the time required by a particular process. To summarize the logic underly-~
ing the subtraction method: A reaction time task can involve any number of
mental processes. If such processes operate serially (which may actually
be a faulty assumption), then the reaction time required by a particular
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TABLE 10. EXAMPLES OF RESPONSE MEASURES FOR THE CHOICE
REACTION TIME PARADIGM

MEASURE REFERENCES
Reaction Time (RT)

[Elapsed time between stimulus onset and No specific references
response] are included for these
Number of Responses Per Unit Time traditional measures

Number of Errors
Number of Correct Responses Per Unit Time

Decrement of RT Within a Block of Trials Herbert et al., 1983
[Mean RT for the first half of the block

divided by the mean RT for the second

half of the block]

Coefficient of Variability MacFiynn et al., 1984
Movement Time (MT)

[Total response time (TT) minus decision Krause and Bittner,
time] 1982

Number of Gaps Wilkinson and Houghton,I
[Total number of response intervals of 1975

1 second or more]

Number of Pauses MacFlynn et al., 1984

[The Interresponse interval which exceeds
the mean RT by a factor of 1.5]

process can be assessed by comparing reaction times associated witi dif-
ferent reaction tasks., Donders utilized three tasks:

Task a = one possible response to one possidble stimulus (simple RT).

Task b = two stimuli, two re-ponses with a one to one mapping between
them (the most common choice RT paradigm).

Task ¢ = two stimuii and only a single response required for one

stimulus, but not the other.

Task a was presumed to involve only the process of simple response. Task b
presunably involves three processes: stimulus categorization, response
selection, and simple response, Task ¢ presumahly involves two pro-
cesses: stimulus categorization and simple response. Reaction times for
each task fell into the expected rank order: RTb > RTc > Rv1a. If RTb is
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longer than PTc, and RTc is longer than RTa because of the sequential addi-
tion of another "wental process," then the reaction times associated with
each process can be indirectly obtained via subtraction. That is, stimulus
categorization = RTc - RTa, and response selection = RTb - RTc, Thus, a
particular choice reaction time paradigm could be developed specifically
for the purpose of evaluating such processes as response selection and
stimuius categorization. This remains unchanged, though the subtraction
method has been replaced by rore sophisticated procedures.

Currently, two of the most widely cited and supported theories of infor-
mation processing are processing stage theory (Sternberg, 1969b) and mul-
tiple resource theory (Wickens, 1984). Both of these theories assert that
humans possess several different capacities with resource properties.

These theories and related studies (Wickens, 1984) generally posit three
primary stages of processing and associated resources dedicated to percep-
tual input, central processing, and motor output. A choice reaction time
paradigm can systematically influence any of these three stages. For exam-
ple, varying the perceptibility and/or modality of the stimulus could
influence stimulus encoding (input processing), the stimulus response map-
ping ratio and/or compatibility (sameness of spatial orientation) can
influence stimulus categorization and response selection (central process-
ing), and prescribed response activity as well as modality of response can
affect the motor output processing stage. Thus, choice reaction time par-
adigms can be very usefu! with reference to such an information prccessing
framework. Via systematic manipulation of stimuli, stimulus response
compatibility mappings, and responses within an experiment, the relation-
ships (e.g., independence versus parallelism) among processing resources
car be evaluated by examnining the resulting statistical relationships among
the reaction times obtained under the different task conditions (Sternberg,
1969b). By the same token, a multiple resources infonmmation processiny
framework can be very useful in the design of a choice reaction time

task. Based on this framework, a choice reaction time task can be designed
to primariiy tap resources dedicated to a given processing stage, although
the choice reaction time paradigm necessarily involves resources from all
processing stages to at least some degree. Thus, a choice reaction time




task can serve well as a diagnostic tool in the assessment of the influence
of environmental stressors on particular processing resources.

The UTC-PAB version of the choice reaction time paradigm, as has been
described, is a four-choice task. There are four possible stimuli varia-
tions, each associated with one correct response key on a keypad. Thus,
there is a 1:1 mapping of stimulus onto response. Also, the stimulus
response compatibility associated with the task is very high. These two
task characteristics, when considered in an information processing frame-
work (Sternberg, 1969b; Wickens, 1984), necessitate the assignment of the
task demands primarily to resources dedicated to perceptual encoding.
Neither this mapping ratio nor this level of compatibility is associated
with heavy demands on central processing resources (stimulus categorization
or response selection) or motor output resources (Smith, 1968).

When a 1:1 mapping of stimuius onto response is used, mean choice reaction
time has been found to increase linearly with LOG, of the number of alter-
native stimuli. This finding is readily explained utilizing information
theory which defines a bit of information as LOG, of the number of possible
alternatives (Hick, 1952). That is, mean choice reaction time increases
lincarly with bits of information, indicating an increase in processing
demand with a greater number of alternative stimuli. Most likely, this
demand is primarily placed on perceptual input processing resources, though
obviously some stimulus categorization is necessary. The only stimulus
characteristic being varied is its location, so a high level of categori-
zation is not required. Studies explicitly designed to study the stimulus
categorization process frequently employ many 1:1 mappings, the response
beiny required if a stimulus 1s representative of a particular category
(Smith, 1968). For example, a subject may be told to respond if the
stimulus which apears is a member of a particular set (i.e., if it is a
vowel). This involves a high level of categorization, requiring the activ-
ation of memorial resources which are unquestionably part of the central
processing stage.

While the stimulus response mapping seems to limit the demand on central
processing, the high degree of stimulus response compatibility associated
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with the UTC-PAB version of the four-choice reaction time task would seem
Timited to the demands placed on central processiny and moter output
resources, Studies which attempt to directly evaluate the response selec-
tion process often manipulate the stimulus response compatibility, requir-
ing the subject to mentally perfcna a spatial reorientaiton of the stimulus
display or the response apparatus to reduce any incompatibility and deliver
the appropriate response. The mental manipulation of spatial information
is also usually considered a central processing resource (Wickens, 1984).

In the UTC-PAB version of the task, the stimulvs display and response appa-
ratus are formatted in a fashion which has virtua: iy no inherent incompat-
ibility, and experimenter instructions never change this. Motor output
resources are also frequently thought to be involved in the process of
response selection (Shingledecker, 1984) which, as mentioned, plays a lim-
ited role in the UTC-PAB version of the four-choice reaction time task.

In summary, the UTC-PAB four-choice reaction time task has several built-in
advantages. The potential fcr portability and self administration of the
original task (Wilkinson and Houghton, 1975; Ryman, Naitoh, and Englund,
1984) has led to the empioyment of this task in many studies of environ-
mental stressors. Thus, its reliability and sensitivity have been docu-
mented (see sections on reliability and sensitivity). Also, tne fact that
this task represents a variation of a traditional paradigm allows for the
interpretation of task sensitivity within an information processing frame-
work. The stimulus and response characteristics of this version of the
task would seem to place demands primarily on perceptual input resources,
though any choice reaction time task necessarily places at least minimal
demands on all three stages of processing (Smith, 1968). It should be
noted, however, that many studies that have utilized this task in the
investigation of stressors have not been concerned with the ramifications
of information processing theory, and results are not interpreted in these
terms, although the potenrtial for such interpretation is always present

when utilizing a choice reaction time paradigm,
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RELIABILITY

According to Krause and Bittner (1982), the four-choice RT task appears to
be characterized by sufficient internal reliability. In arriving at this
conclusion, Krause and Bittner computed intersession correlations for three
performance measures: reaction time (RT), movement time (MT), and total
time (TT; see Table 10 for Response Measures). These correlations were
performed on data obtained using one-, two-, and four-choice RT tasks. It
was detemined that general measures associated with one- and four-choice
tasks were generally stable, especially RT and TT. The actual correlation
values associated with the four-choice task were as follows: RT = .68,

MT = .86, and TT = ,82. There were 15 subjects, all Navy enlisted men.
Fifty trials on each of the three conditions (one-, two-, and four-choice)
were presented in blocks. Each subject completed 1 block per day for

15 conserutive workdays. Therefore, each subject was presented with 2250
trials, 750 at each condition; and subjects were never confronted with more
than one condition on any given day. Krause and Bittner also performed
stability analyses on this data for all conditions and measures. For the
four-choice RT task, MT values were found to stabilize on day nine, TT
values on day 10, and RT values on day 11 (note: differential stability is
characterized by high, stable test-retest correlations). Based on these
findings, Krause and Bittner conclude that "four-choice RT measures are
generally stable and are recammended for inclusion in performance assess-
ment batteries, with at least 1000 practice trials prior to repeated
measures applications" (p. 5). It can then be inferred that the UTC-PAB
four-choice RT task is sufficiently reliable and stable for performance
assessment applications as it is a four-choice RT task and the principal
performance measure {s analogous to the TT measure investigated by Krause
and Bittner (1982).

VALIDITY
In their development of a portable four-choice RT paradigm, Wilkinson and
Houghton (1975) attempted to establish a preliminary framework of perform-

ance nomms for the task. Three performance measures were obtained: reac-
tion time, mean number of gaps, and mean number of errors (see Table 10 for
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Response Measures). The subjects were five enlisted men who were required
to perform 20 minutes of continuous responding foliowing 5 minutes of
practice and a 5-minute break. Mean values for each of the three perform-
ance measures were calculated for each of the four S-minute segments ot the
total 20 minutes. Mean scores were also obtained for the initial five
1-minute periods. The data were then examined at two levels: (1) compari-
sons among scores within each set of scores, and (2) overall comparisons
between the two sets of scores. The results showed that all three perform-
ance measures decreased as a function of elapsed time on task. This effect
of fatigue was in accordance with the expectations of Wilkinson and
Houghton (as per the five-choice serial RT task of Leonard, 1959, from
which much of the procedural framework of the four-choice task is bor-
rowed). Of particular interest to the issue of task validity are the cor-
relations that were calculated among the three performance measures. That
is, scores on each perfommance measure were compared with scores on the two
remaining measures. The results were as foliows:

RT versus GAPS, r = +.90 {p < .02)
RT versus ERRORS, r = +.83 {p < .05)
GAPS versus ERRORS, r = +.88 (p < .025)

Also, Kendall's concordance measure across individuals amony the three
within test deterioration scores (the difference between first half and
second half scores) was .844 (p < .01). Thus, all three scores agreed with
each other in reflecting an overall deterioration in performance during the

test.

In conclusion, based on the data obtained and the analyses performed by
Wilkinson and Houghton (1975), it can be stated that the four-choice RT
task appears to be characterized by considerable internal validity. That
is, potential task sensitivity to a stressor (fatigue in this case) is
probably not heavily dependent upon the particuiar performance measure or
individual subject being evaluated. Performance decrements associated with
the four-choice RT task can be attributed with a reasonable degree of cer-
tainty to the experimental manipulations being evaluated, as such decre-
inents are likely not limited to the measures or subjects involved.
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SENSITIVIIY

Mnst studies which typically employ four-choice RT tasks as a diaynostic
tool can be divided into two general categories; those which attempt to
evaluate the effects of a particular drug or drugs and those which attempt
to evaluate the effects of fatigue, either due to physicai effort, sleep

loss, or both.

Cherry et al., (1983) investigated the potential influence of toluene and
alcohol on psychomotor performance. Four-chnice RT was one of four diay-
nostic tests utilized to 1ssess psychomotor performance. The authors'
interest in these two drugs was due to the roles these two chemicals can
play in certain occupational environments. Toluene is a benzene analogue
which can be used as a rubber solvent, in paints and varnishes, in
printing, ard in glues and adhesives. It is possible that occupational
exposure to toluene and the consumption of alcohol may separately, or in
combination, impair psychomotor performance, diminishing operator pro-
ductivity and/or safety. Mean blood levels for alcohol and toluene were
49.9 mg percent and 12.7 mmol/1 respectively. Surprisingly, neither drug
exerted a significant main effect on mean reaction times obtained on the
4-choice task. The alcohol X toluene interaction was also nonsignifi-
cant. Perhaps these results were partially due to the great degree of
intersubject variability present in this study. In fact, when subjects are
entered into the analysis as a random source of variation, the resulting F
value was significant (F = 72.2, p < .001). Also significant in this
analysis were the alcohol X subjects (f = 18.1, p < .01), the toluene X
subjects (F = 27.0, p < .001), and the alcohol X toluene X subjects

(F = 4.2, p < .05) interactions. Thus, it appears that the potential
effects of these druygs on four-choice reaction time performance are laryely
a function of the subject(s) involved. In other words, these two druys
produced perfonnance decrements for some subjects, but did not affect the
performance of others. The salience of the subject variation in the anal-
ysis could be due to the employment of a rather small subject pool (N = 8).
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A four-choice serial reaction time task was employed by Herbert, Mealy,
Bourke, Fletcher, and Rose (1983) to assess the effects of general anaes-
thesia on the individual's recovery of mental functioning. The prescribed
task parameters and apparatus were precise as per Wilkinson and Houghton
(1975; that is, a portable cassette recorder was appropriately modified,
and data were stored on magnetic tape). Each of the 10 test blocks lasted
5 minutes. The 55 subjects were divided into four experimental groups,
based upon varying method of anaesthesia and modes of ventilation in
recovery, The four groups can be lateled as follows:

(i) Halothane (anaesthesia), spontaneous ventilation.

(2) Standard anaesthesia (thopentone 250 mg, halothane, 0.5 - 1.5
percent, nitrous oxide, and oxygen), spontaneous ventilation.

(3) Standard anaesthesia, controlled ventilation,

(4) Control (12 orthopedic hospital patients who had not had an
operation for at least lwo weeks).

All experimental groups (one, two, and three) showed significant impairment
(with reference to the control group) on the four-choice RT task 90 minutes
after regaining consciousness. Significant impairment remained on post-
operative day one for only group one {(p < .05). This being the case, the
findings on post operative day two were somewhat surprising. On day two,
the mean RTs of groups one and two were again significantly different from
those of the control group. It should be noted that this was largely due
to the improvement in performance of the control group; possibly a practice
effect. Group three also improved, while groups one and two did not
markedly improve from day one to day two. Perhaps controlled ventilation,
from a mental processing frame of reference, enhances one's recovery from
anaesthesia.

These findings on post operative day two bring to light the importance of a
reliable diagnostic test of psychomotor performance followiny exposure to
anaesthetic drugs, as recovery would be expected by this time, This point
is reinforced by the subjective ratings obtained by Herbert et al.

(1983). On day two, group three subjects felt subjective impairment to a
greater extent than did groups one and two. Thus, the subject who reports
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a return of energy and alertness may not necessarily be able to perform in
accordance with such reports.

Englund, Naitoh, and Ryman have utilized their computer administered ver-
sion of the four-choice reaction time paradigm (Ryman, Naitoh, and Engiund,
1984) in recent investigations on the effects of sustained physical effort
(Englund, Naitoh, and Ryman, 1984; Englund et al., 1985). The subjects
involved in these studies were physically it male marines (N = 40), and
the physical effort for the experimental group consisted of walking ¢n a
treadmill while wearing full combat gear and packing a rifle for the first
30 minutes of each one hour session. The control group subjects were nct
subjected to these conditions for the first 30 minutes of each one hour
session. In the second 30 minutes of each session, all subjects were
required to perform a number of cognitive tasks, including four-choice
reaction time, There were no significant group differences in either mean
reaction time or percent correct. The only significant eftect assoriated
with the four-choice task was a time of day effect on percent correct.
Accuracy was significantly lower (79.5 percent) during the last session
(session 17) than it was for all previous administrations (85.2 percent -
87.7 percent). Repetition of the task may have been fatiguing, but the
required physical effort of the experimental group was not fatiguing with
reference to the four-choice reaction time task.

The Wilkinson and Houghton (1975) version of tihis task has been frequentiy
utilized in studies concerned with sleep deprivation effects (Angus and
Heslegrave, 1985; Bonnet, 1980; Glenville et al., 1978; Glenville and
Wilkinson, 1979; Taub, 1982; Tilley et al., 1982). The specific findings
of these studies with reference to the four-choice reaction time task are
highly consistent. Extended periods without sleep were seen to produce
significant decrements in mean reaction time, while accuracy levels (i.e.,
percent correct) remained unaffected. In addition, Glenville and Wilkinson
(1979) noted an increase in the number of gaps (see Tabie 10 for Response
Measures) for sleep deprived subjects. Also noted in the sleep loss lit-
erature were significant decrements in mean reaction time associated with
time on task. Time on task reaction time decrements were previously asso-
ciated with the development of the task (Wilkinson and Houghton, 197%), and
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tune or tasa .@s also the cause of decreased perfonnance accuracy in the
investiger rens of physical effort {Tnglund, Naitoh, and Ryman, 1984,
Englund £t al., 1986). The potential of this task to show performance
dacremen’s symp.y as a result of task repetition should be taken into con-
siduration whenever this task is employed.

Four-choice reaction time tasks have been employed in dual task paradigms
which are designed to test particular aspects of the previously discussed
information processing framework (Kantowitz, Hart, and Bortolussi, 1983;
Looper, 1976). In each of these studies, four-choice tasks are perfonmed
in conjunction with tracking tasks. The goal is to assess difficuity of
tracking conditions via performance on the four-choice task. The results
indicate that the four-choice task performance is a reliable indicator of
tracking difficulty. Reaction times consistently increase as tracking dif-
ficulty is increased. This finding can be accounted for within the pre-
viously discussed framework of information processing. The four-choice
reaction time task primarily taps perceptual encoding resources which are
also necessarily engaged in a tracking task. Performance decrements asso-
ciated with this dual task combination are probably due to the heavy
demands being placed on these resources. Four-choice reaction time tasks
are, thus, useful in the investigation of information processing resources
pecause they are often sensitive to dual task conditions.

TECHNICAL DESCRIPTION

The experimenter initializes the task and instructions appear on the
screen. The actual task begins after the subject makes the first key press
response. The screen is then divided into four quadrants. A cursor with
the blinking plus sign appears in one of the quadrants. The blinkiny plus
sign is sent to a randomly selected quadrant following a response. The
program performs a random select from the response time of the subject in
the following way: the last reaction time (last two bits) is divided by
four. If the remainder is zero, then the cursor is sent to the upper left
quadrant. If the remainder is one, then the quadrant selected is the upper
right; if two, lower left; if three, lower right. An auditory signal is
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sounded after 2.5 seconds if there has been no response and continues until
a response 1S made.

Trial Specifications

Thhe “+" will remain in a particular quadrant until the subject presses a
response key. Immediately following the response, the quadrants will blank
and will remain blank until the next trial when the "+" will reappear in
one of the quadrants, and the subject is again required to press the appro-
priate key. It is recommended that trials be separated by a brief (about
one second), constant interstimulus interval (ISI). If the subject
responds during the 1SI, an "error message" should appear on the screen
(e.g., "please do not respond until the '+' appears").

DATA SPECIFICATIONS

Reaction times of all responses are recorded in milliseconds. Incorrect
(wrong quadrant) responses and lapses (gaps) of 2.5 seconds are also
tabulated.

The following summary statistics for reaction times are provided: the mean
and standard deviation of all correct responses, incorrect responses, the
10 persent fastest correct responses, the 10 percent siowest correct
responses, the 10 percent fastest incorrect responses, and the 10 percent
slowest incorrect responses. A percent correct response value is also pro-
vided (see Table 12 for Response Measures for other measures which have

been used with this task).

TRAINING REQUIREMENTS

Subjects are told that this task is a test of their reaction time and their
ability to choose the correct one of four choices. Following the presenta-

tion of the instructions, subjects should perfonr two 6-minute blocks of
trairing trials. The experimenter should carefully evaluate training per-

formance to insure that instructions are being followed. The most
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important aspect of the instructions to be emphasized is that subjects are
to try to respond as quickly and accurately as possible.

To summarize, the training phase for this test should consist of the
following steps:

1. Read instructions to the subjects.

2. Run practice trials and evaluate subjects' performance to ensure tinat
the instructions are being followed.

3. Repeat the practice trials if it appears that the subjects require
additional practice with the test.

4, Run the experimental trials. Note, if the tasks are being run over
several sessions on this test, one may omit the practice trials after

the first session.

There are minimal training requirements for this task. Subjects usually
reach proficiency in one or two 6-minute praccice blocks.

INSTRUCTIONS TO SUBJECTS

A blinking "plus siygn" will be presented in one of the four quadrants of
the CRT. The object of the four-choice serial reaction time task is to
press the key on the keyboard that corresponds to the quadrant with the
blinking plus sign. The blinking plus sign remains in a given quadrant
until one of the four keys is pressed and then randomly appears in any one
of the four quadrants, at which time you again press the corresponding key
on the keyboard. This process continu~s for 6 minutes. Raspond as quickly
and accurately as possible. If none of the four keys is pressed within
2.5 seconds of the onset of the blinking plus sign, a bell rinys every

.1 seconds until a response is made. Reaction times of all responses,
correct and incorrect, are recorded. Press any of the four keys to start

the sequence.
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Section 9
ALPHA-NUMERIC VISUAL VIGILANCE TASK (UTC-PAB TEST NO. 8)
(SUSTAINED VISUAL ATTENTION--CHOICE RT)

PURPOSE

The purpose of the Alpha-Numeric Visual Vigilance Task (ANVVT) is to test a
subject's ability to continue making decisions and rapid responses to vis-
ual symbols for long nonstop pericds. The ANVVT is a discrimipation reac-
tion task intended to simulate a situation in which a person monitoring &
visual display might show fatigue and performance decrement without being
aware of it,

DESCRIPTION

The UTC-PAB version of the ANVVT consists of CRT presentation of random
alphabetic characters or numbers at random intervals ranging between 6 and
14 seconds, with a mean interval of 10 seconds. The number or character,
10 by 28 mm in size, remains on the screen for 500 msec. Subjectc are
instructed to press a hand held, normally open push button switch with
their thumb every time an “A" or a "3" appears. No response is required to

other stimuli.

Twenty “As" and "3s" are randomly mixed with 160 other characters and num-
bers ygiven during this 30-minute task. Response latencies and errors are
recorded. There are two types of possible errors: (1) errors of commis-
sion (responding to non "As" and non "3s"), and (2) errors of omission (not
responding to an "A" or "“3" in 5 seconds). Reaction times are recorded in
msec for both correct responses and errors of commission. Errors of omis-
sion are scored as reaction times of 5000 msec.

BACKGROUND

The vigilance task has been regarded as providing "the fundamental paradigm
for defining sustained attention as a behavioral category" (Jerison,
1977). Research on the topic of sustained attentior or vigilance is
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concerned with the ability of observers to detect signals cver prolonged
periods of time. The theoretical importance of the vigilance situation is
that it allows one to study {n a simple and controlled task almost all of
the factors which may be considered tv wnfluence attention.

The ANVVT (Hord, 1982; Naitoh, 1981) was developed it the Naval Health
Research Center to measure long temm visval vigilance. The ANVVT was
adapted from the Continuous Performance Task (CPT) devised by Rosvold

et al, (1956) to study brain damage. The UPT is a cognitive vigilance task
which consists of the presentation of a series of letters in which each
occurrence either of one letter (e.g., A) or of a saquence of two letters
(e.g., AX) has to be detected. Letter stimuli are generally presented at a
rate of one per second for a 10-minute perica. Target letter(s) occur
irregularly throughout the series and represent 25 percent of all stimulus
presentations. The CPT can be presented both visually and auditorially.
Only positive stimuli are responded to and a response deadline is set at
0.7 seconds. Three possible *types of errors include responses with a
latency longer than 0.7 seconds (late correct responses), failure to
respond to the stimuli (errors of omission), and responses to other stimuli
(errors of commission!.

The ANVVT differs from the CPT in that numeric characters as well as alpha-
betic characters are presented as stimuli. Also, subjects do not monitor
the occurrence of two character sequences. The task is of longer duration
(e.g., 30 minutes), however, stimuli occur less frequently (mean interval
of one per every 10 seconds).

In all instances in the literature, the CPT and ANVVT tasks have been
utilized with variables known to effect attention processes in order to
detemmine if an attention deficit is obtained. As mentioned earlier, the
CPT was originally developed as a diagnostic instrument for the investi-
gation of brain damage. Brain damaged patients make generally more errors
on this task than do normals, and the difference in error rates increases
in the more difficult A-X version, in which a greater memory load is
imposed (Rosvold et al., 1956). Also, the brain damage impairment is
likely to reveal itself in the form of attentional lapses rather than as a
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steady‘declina of detaction efficiency. Alexander (1973) also used the CPT
in a comparison of the performance of hospital patients with either organic
‘senile dementia, or patients in whom brain damage had not been diagnosed,
and of a yroup of nonhospitalized subjects. He found that the senile
danentia group detected significantly fewer signals than did either of the
control groups and that this group was also the only one to make more false
alams (errors of commission) than errors of omissions.

Other experiments have demonstrated that older subjects who have not sus-
tained brain injury also perform worse on the CPT than do younger subjects
(Canestrari, 1962; Davies and Davies, 1975). In these versions of the CPT,
responses made within 700 msec following a signal are scored as correct
detections, while responses made after this period has elapsed are scored
as errors. Thus, performance on the CPT may not reflect solely a change in
the capacity to sustain attention, but may also be a consequence of the
weli established loss of response speed that accompanies normal aging and
which also results from brain injury. Davies and Davies (1975) analyzed
their CPT data in detail and attempted to separate false alarms from other
errors. They found no age differences in false alarm rates but did obtain
a highly reliable effect of age for errors which includes siow correct
detections. Older men, between the ages of 63 and 72 years . made many more
of these errors than did younger men between the ages of 18 and 31 years.

The CPT has also been used to determine the effects of temperament and
hyperactivity on sustained attention. Hogan (1966) found that introverts
detected significantly more signals than did extroverts on a 10 minute vis-
ual version of the CPT. Sykes, Douglas, and Morgenstern (1973) compared
the performance of hyperactive children to normal children on the CPT. An
impairment in performance was found; hyperactive children detected fewer
signals and made more overall incorrect responses than normail childern, In
addition, while the performance of hyperactives declined with time on task
on the 15 minute CPT, no decrement was observed for normal children.

In an experiment by Mirsky and Cardon (1962), attentive behavior (measured
by the CPT) and EEG were studied simultaneously in normal subjects under
the influence of sieep locs or the depressant drug chlorpromazine. Both



sleep deprivation of 66 hours and administration of 200 mg chlorpromazine
were found to significantly decrease performance on the CPT. An analyses
of errors showed that late correct responses occurred, on the average to
fewer than five percent of the positive stimuli, whereas errors of omission
occurred, on the average, to almost 24 percent of the positive stimuli.
Errors of conmission occurred infrequently in all conditions. EEG analysis
indicated slow wave changes during error periods of performance on the CPT
for sleep deprived subjects, but not for subjects receiving chlorproma-
zine. The significance of these findings was discussed in relation to the
possible existence of separate, but closely related mechanisms within the
reticular activating system, which mediates behavior on the one hand and
the EEG on the other., That is, the two groups (sleep deprived and druy
groups) were similar in terms of performance, but differed with respect to
their EEG patterns.

The earliest use of the ANVVT was an experiment conducted by Townsend and
Johnson (1979) that also examined the relation of EEG to sustained atten-
tion with sleep deprived subjects. A 3-hour version of the ANVVT was per-
formed on four consecutive days, with the task on the tnird day preceded by
one night of total sieep loss to maximize drowsiness and associated per-
formance decrement. If the alpha-numeric cha~acter was an "A" or "3“

(34 occurrences/h), the subject responded by pressing one switch; if the
character was any other letter or number (326 occurrences/h) the subject
responded by pressing a second response switch, Reaction time in msec, as
well as EEG from stimulus onset to subjects' response was recorded. The
analysis was conducted on the 10 shortest and 10 longest RTs, and 10 trials
where the subject failed to respond. Significant univariate correlations
were found between RT and the frequencies in the 15 to 20 Hz range of EEG
activity. A multiple regression analysis using up to five EEG frequencies
indicated significant correlations of prestimulus EEG activity with RT.

The results suggest that sleep deprivation did increase the contribution of
drowsiness related EEG change and, thus, improved the EEG-RT correlation.

Hord (1982), in a related study, examined the relationship between EEG and
reaction time within subjects, such that the EEG could be used to predict
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perfonnance decrement in vigilance situations before the decrement

occurs. Subjects who had not been previously sleep deprived performed the
ANVVT on three consecutive days. These results showed no major changes in
mean reaction time and errors of omission during tha 3-hour test period.
The ratio of the sum of intensities in the 1 to 6 Hz to 7 to 12 Hz band was
obtained for each condition (10 fastest trials, 10 slowest trials, errors
of omission). The group mean ratios for the three conditions indicate
little difference between fast and slow trials, but a big difference
between errors of omission and the other two (fast and slow). The author
concluded that: (1) EEG predictors of perfurmance change during monitoring
can work in situations where the subjects had not been previously sleep
deprived. (2) The predictive power of the EEG ratio may not be practical
by the third day because of the increased error of omission rate during the
middle of the session., (3) The EEG ratio is certainly simpler to implement
than the stepwise multiple regression approach as used by Townsend and
Johnson (1979).

In summary, the ANVVT is an adaptatinn of the continuous performance

task. These cognitive vigilance tasks are short duration tests of sus-
tained attention performance. The CPT has been used to examine conditions
which are known to effect attention processes (e.g., brain damage, age,
sleep loss, and drugs). The ANVVT has primarily been used to determmine if
there are any physiological correlates (e.g., EEG) of performance decre-
ments on vigilance tasks.

RELIABILITY

No studies have been conducted that directly assess the reliability of the
ANVVT. Thus, there is little indication that repeated per formance on this
task will produce similar results. Some reliability information may, how-
ever, be inferred from the results obtained by Hord (1982). Subjects in
this study performed the ANVVT for 3-hour periods on each of three con-
secutive days. Results showed no major changes in reaction time and errors
of omission during the 3-hour test period for each day. It also appeared
that mean reaction times declined over the three days while mean errors of
omission tended to increase. Thus, it appeared that performance scores on
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this task remained relatively stable over repeated testing periods.
However, until actual performance intercorrelations are reported, the true
reliability of this task remains uncertain.

VALIDITY

The ANVVT has been used to measure sustained attention performance. More
specifically, the task attempts to test a subject's ability to continue
making visual detections and discriminations over a period of time. The
task is closely related to the continuous performance task which is a well
known and more established cognitive vigilance task. The CPT has been
shown to reflect attentional decrements in many studies and with a variety
of variables known to be sensitive to sustained attention (e.y., age,
temperament, hyperactivity, sleep 1oss, and drugs). The ANVVT has not yet
established the degree of validity set by the CPT, but the two tasks do
seem to measure the same mechanisms of attention. Experiments usiny the
ANVVT with a greater variety of variables and obtaining significant results
would greatly increase the validity of the task as a measure of sustained
attention.

SENSITIVITY

Experiments demonstrating the sensitivity of the continuous performance
task to a number of attention related variables have already been dis-
cussed. It was also stated in the background section of this manual that
the ANVVT was found to be sensitive to sleep loss in a study relating EEG
to reaction time (Townsend and Johnson, 1979).

Other uses of the ANVVT have utilized the task as a measure of cognitive
vigilance performmance during sustained operation episodes (Englund et al.,
1983; Englund et al., 1985). In both of these studies, the effects of
physical work, sleep 10ss, continuous work (CW), and time of day on various
cognitive and physiological tasks were assessed. All subjects performed
every task on each of three consecutive days. Day two and day three repre-
sented the two continuous work episodes (CWl, CW2) and were separated by a
3-hour nap midway between sustained episodes. Physical work was
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manipulated by aving half the subjects perform the ANVVT while walking a
treadmill (at 30 percent of V0, maximum), the other subjects performed the
ANVVT while seated in front of a CRT.

The ANVVT was given the first half hour of each 1 hour session during both
(Wl and CW2; thus, subjects completed this tas. 17 times per CW episode.
In the task, random alphabetical or numerical characcers were presented on
the screen at random intervals between 6 to 14 seconds (mean interval of
10 seconds). The numbers remained on the screen for 10 msec. Subjects <
were instructed to press a button every time an “A" or a “3" appeared. The }
task luasted for 30 minutes, dvring which 20 signal stimuli were randomly

mixed with 1y other chzracters. Percent of correct responses was used as

the dependent measure.

1
|
|
l
|
|
Results from physiological measurements, such as oral temperature, heart |
rate, blood pressure, and grip strength are reported in Englund et al. i
(1983). Cognitive test results (e.g., logical reasoning, air defense game,

and four choice RT) are reported in Englund et al. (1985). Both studies i
report results for the ANVVT. Analysis of the ANVYT data indicated a |
significant interaction involving groups. The exercise group imgroved in 1
performance during CW1, whereas the control group's performance was essen-

tially the same across the first day. During CW2, the exercise group

showed the same slight improvement during the first half of the day as in

CW1, and then significantly declined in percent detections during the sec-

ond half of CW2. The control group indicated significantly lower perform-

ance during CW2. Performance on the ANVVT also indicated a significant day
difference. The mean percent correct detections was 80.9 percent during

CWl, but only 70.6 percent during CW2. Mean errors of omission increased

by 55 percent from CWl to CW2 and mean reaction times increased by 25 per-

cent. The results from this study indicated that moderate axercise doos

not. combine with sleep loss vu further decrease cognitive perfomance.

TECHNICAL DESCRIPTION

Twenty "As" and "3s" are randomly mixed with 16 other characters and
numbers. The stimuli are selected from a list of numbers and letters
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randomized every run. This list is stored within the program. The random
intervals for alphabetic character/number presentations range between 6 and
14 seconds, with a mean interval of 10 saconds. The number or character is
10 by 20 mm in size and remains on the screen fer 500 msec. The task lasts
for 30 minutes at which time an auditory signal is sounded. The proyram
measures response latencies. At the end of a 30-minute task, all reaction
times in milliseconds are stored. Errors of omissions (no response to an
"A" or a "3" in 5 seconds) are stored as 5000 msec latencies.

DATA SPECIFICATIONS

The listing scoring program for the alphanumeric task 1ists all responses
during a 30-minute session, the number of correct responses (button presses
following an "A" or "3"), the number of errors of omission, and the number
of errors of conmission. The means and standard deviations for the correct
responses, the five slowest correct responses, and the five fastest correct
responses are also printed out, along with the percent correct responses
and percent correct detections. Anr error of omission is declared when
responses to an "A" or a "3" are not made within 5 seconds. In computing
mean reaction times as well as the five slowest responses, errors of omis-
sion are added as reaction times of 5000 msec (5 seconds).

TRAINING REQUIREMENTS
The instructions should be read to the subject before the start of the
training trials. Extensive practice is not required for this task. One or

two sets are usually sufficient to familiarize the subject with the char-
acteristics of the task and target stimuli.

To summarize, the training phase for this test should consist of the
following steps:

1, Read instructions to the subjects,

2. Run practice trials and evaluate subjects' performance to ensure that
the instructions are being followed.
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3. Repeat the practice trials if it appears chat the subjects require
additional practice with the test.

4., Run the experimental trials. Note, if the tasks are being run over
several sessions on this test, one may omit the practice trials after
the first session.,

INSTRUCTIONS TO SUBJECTS

In this experiment, you are to monitor the TV screen on which alphabetic or
numerical characters will be briefly flashed. One randomly selected alpha-
numeric character will be presented every 6 to 14 seconds. If the char-
acter is an "A" or a "3" you are to respend by pressing the designated
switch. If the character is any letter/number other than “A" or "3" no
response is required. Please respond as quickly and accurately as pos-
sible. The task will last for 30 minutes.
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Section 10
MEMORY SEARCH TASKS (UTC-PAB TEST NO. 9)
(SHORT TERM WORKING MEMORY--AUDITORY AND VISUAL MODALITIES)

PURPQSE

The purpose of this memory search task is to test a subject's ability to
make comparisons of letters maintained in memory. The task is diagnostic
of the processes of selective retrieval and comparison in short tern work.
ing memory. This task may also reflect processes involved in the encoding
of stimulus items, categerization, response selection, and resporise
execution.

DESCRIPTION

Either one, two, four, or six alphabetic characters make up the "positive
set" which is presented to the subject to maintain in memory. The remain-
ing alphabetic characters make up the "negative set." Subsequent to the
presentation of the "positive set," individual probe letters are presented
to the subject for comparison and classification as being members of the
positive set or the negative set. Subjects respond by pressing the appro-
prigte key on a two button keypad.

There are three different procedures used in this ta:<. Each procedure is
presented in a visual version and an auditory version making a *otal of six
unique versions. In the varied set procedure (VS) a different positive set
is generated on every trial followed by a single probe item. The fixed set
procedure (FS) involves the presentation of the positive set followed by
100 probes to constitute a trial. A trial in the mixed set procedure (MS)
consists of the presentation of 10 separate positive sets of equivalent
size, each of which is followed by 10 probes for classification with
respect to the set. In the visual versions (V) of these procedures, all
stimuli are presented on a CRT, and in the auditory versions (A) the probe
items are presented via a speech synthesis system and positive sets are
presented both visually and auditorially.
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BACKGROUND

The use of results fram reaction time (RT) experiments to study stages of
information: processing began about a century ago with a paper titled, "On
the Speed of Mental Processes," by F. C. Donders (1969). In the paper
Donders introduced the "subtraction method" (a methed for analyzing the RT
into its componants and thereby studying the corresponding stages of proc-
essing). To use the subtraction method one constructs two different tasks
in which RT can be measured, where the second task is thought to require
all the mental operations of the first, plus an additional inserted operat-
ion. The difference between mear RTs in the two tasks is interpreted as an
estimate of the duration of the inserted stage. This interpretation
depends on an assumption of pure insertion which states that changing from
task one to task tw) merely inserts a new processing stag@ without altering

the others.

After a brie! popularity, this technigue fell out of favor. It was found
that the elements of cognitive performance were not irdependent, and that
they couid not be treated by a simple additive, linear modei. This crit-
icism was insurmountable with the mathematical techniques available at the
time and efforts to probe cognition diminished for a long time.

With proper statistical coatrel. independence of stage: can presently be
determined (Sternberg, :J452). Mode-n experimental methodoloygy and data
analysis led to applications of the stage theory that seem to withstand the
early criticisms, One such application provided by Sternberg (1969a)
focused on mechanisms of menory retrieval for information in both short
term and long tem menory. The approach is aiso being widely used to con-
front issues such as what information is stored and how it is coded and
oarganized. Sternberg (1969a) used individual symbols as units to be remen-
bered, and gained control over the "memory load" under which the subject
was operating. The desire to analyze the processing of information into
its functional components (particularly when combined with the hypothesis
that component processes are arranged in stages) leads naturally to RT
methods and to an interest in the temporal parameters of processing.
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The purpose of the memory search tasks is to study the ways in which infor-
mation is retrieved from memory when learning and retention are essentially
perfect. Tha method involves the presentation of a list of items (e.g.,
letters) for memrization that is short enouyh to be within a persons imme-
diate (short temn) memory span. The subject is then asked a simple ques-
tion about the memorized 1ist to which a quick response is made, and the
delay in responding is measured. By examining the pattern of this RT,
while varying such factors as the number of items in the list and the kind
of question asked, one can make inferences about the underlying retrieval
processes.

The remainder of this section will describe the various factors which
affect memory scanning processes. Various models and procedures as well as
their predictions will be outlined. Finally, some of the extensions and
generalizations of the eariy findings of memory scanning tasks will be
presented.

The Item Recognition Paradigm

The Item Recognition Paracign: is a particular experiment designed by
Sternberg (1969a) which allows control over the short term memory load of a
subject. In the paradigm, the "stimulus ensemble" consists of all the
items that might appear as test stimuli (e.g., the letters of the alphabet,
the numbers 0 to 9). From the ensemble a set of elements is selected arbi-
trarily and is defined as the positive set. (The positive set size
selected is usually an independent variable in the experiment. Sizes may
vary from one tc nine elements but should not exceed the subject's short
term memory capacity). The items comprising the positive set are presented
as a list for the subject to memorize. The remaining items in the ensemble
are called the negative set. When a test stimulus or "probe item" (one
item randomly chosen frum the stimulus ensemble) is presented, the subject
must make a decision as to the appropriate membership of that item. I[f the
probe item is a member of the positive set, the subject presses a predeter-
mined button. If the item is a member of the negative set, an alternate
button is pressed. The RT is measured from the onset of the test stimulus
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to the response, It is a requirement of the procedure that virtually error
free performance is maintained (error rate < 2 percent).

Within the Item Recognition Paradigm, different procedures can be used. 1In
the varied set procedure, the subject must memorize a new positive set on
each trial. The set may be presented all at once (in parallel) or sei-
ially, followed by a retention interval of 2 or 3 seconds during which the
subject is free to rehearse, then a warning signal, and then a test
stimulus. In the fixed set procedure, the same positive set is used for a
long series of trials, and a trial consists only of warning signal, test
stimulus, and response. In the varied set procedure, positive set items are
stored and rehearsed in short temm memory only. Whereas in the fixed set
procedure, positive set items are believed to be stored in the long term
store. HKowever, the similarity Of results from the two procedures suggests
that the same memory system was being scanned. That is, when information
in long temn memory has to be used, it may be transferred into short temm
memory (where it is maintained by rehearsal) and, thus, becomes more
readily availabls,

Set Size Effects

The main variable investigated in memory scanning studies is the effect of
the size of the positive set on the response time, while keeping constant
the relative frequency with which positive and negative responses are
required, If the average reaction time is plotted as & function of the
memory set size, then the resulting function represents the subject's abil-
ity to make memory based decisions. Four features of this function should
be noted (Figure 7): (a) mean RT increases approximately linearly with set
size; (b) the rate of increase is the same for positive and negative
responses; (c) the rate of increase is about 38 msec for each item in the
positive set; and (d) the zero intercept is about 400 msec. It can be seen
that the slope of the function generated in a Sternbery task represents the
internal "processing efficiency" of the short tem memory system. This
function is obtained regardless of the procedure used, varied or fixed

set. The remarkable similarity of results from the two procedures
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indicates that the same retrieval process was used for both the unfaailiar
and well learned lists.

The size of the negative set has also been varied in this paradigm while
maintaining a constant positive set size. Here, mean RT is plotted as a
function of the size of the negative set. The size of the negative set had
no significant effect on tha overall mean RT. This implies that the ensem-
ble size per se has no effect on memory scanning times.

Models and Predictions

How does a person decide whether the test stimulus is contained in the pos-
itive set? That is, in what manner is the test stimulus compared to the
items of the positive set which exist in memory. Several models of this
memory search process have been proposed. Each model leads to a different
prediction of search functions which can be verified through experiments
utilizing the item recognition paradigm.

One possible model to describe the processes of memcry search is a parallel
comparison model. In this model, the test stimulus is compared in parailel
to all members of the positive set. The particular parallel model that has
attracted most attention has been considered by Atkinson, Holmgren, and
Juolea (1969) and Townsend (1971). According tc this model all comparisons
start simultaneously and have durations that are exponentially distribu-
ted. Each of the simultaneous comparisons is assumed to require processing
capacity. There is a fixed amount of resources which is equally divided
among those camparisons not yet conpleted. The increase of mean RT with
set size is assumed to result from the sharing cf the vixed capacity among
the increasing demands (number of comparisons Lo be made). Each additional
comparison reduces the amount of resources available for each comparison
and, hence, requires a longer time for all comparisons to he completed.

The problem with this model is that the limited capacity can only be used
for the comparison process., However, intrcduction of a concurrent memory
load task has been shown to have virtually no effect on the RT (Darley,
Klatzky, and Atkinson, 1972).
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Another possible model suggests a search tarough the positive set in which
the test item is compared sarially to each of the memorized items, and each
comparison results in either a match or mismatch. Linear RT functions, as
found in the item recognition task, do suggest that subjects use a serial
search process whose mean duration increases by one unit for each addi-
tional comparison. There are two types of serial search to consider, In
self terminating serial search, the test stimulus is compared successively
to cne item in memory after another, either until a match occurs (leadiny
to a nositive response), or until &all cumparisons have been cumpleted with-
out a match (leading to a negative response). In exhaustive serial search,
the test stimulus is compared successively to all the memorized itenms
before a response is made. A self terminating search might require a sep-
arate test, after each comparison, to ascertain whether a match had
cccurred, rather than only one such test after the entire memory set has
been conpared to the probe. On the other hand, an exhaustive search must
involve more comparisons, on the average, than a search that terminates
when a match occurs.,

The theoretical prediction of RT functions differs for the two models. In
an exhaustive search the test stimulus is compared to all items in memory
regardless of whether a positive or negative response is required. There-
fore, given the equal probability of a negative or positive response, the
rate at which RT increases with memory set size is the same for positive
and negative respcnses, This is not the predicted function for the self
terminating model. Here, search stops in the middie of the list, on the
average, before positive responses, but continues through the entire 1list
before negatives. The result is that as memory set size is increased, the
latency of positive responses should increase at half the rate (slope) of
the increase for negatives (Figure 8).

A second difference between the two types of search is in the serial posi-
tion functions for positive responses. Assuming subjects make comparisons
in the memorized order, varyirg the position of the matching item in the
Tist should yield a reaction time function with zero slope for exhaustive
models. That is, since every item in the list is compared before the
response is made, the respunse would be made just as quick if the match

116

:
P T T T e S N Y L T T i T T L T T L T T O . B T IV ™LA AV G LV SN o~ Sy T S S W RV, JAF



- 8

Q 50 550 +
7

2

o

Z 500 500}
T

-

V3]

2

8 450 & 450
wn

(1Y}

i |/

&

3 wl © a0o}-

A
/ e

L o

O—Q NEGATIVE

Figure 8.

NUMBER OF SYMBOLS IN

MEMORY SET

EXHAUSTIVE SERIAL MODEL SELF-TERMINATING SERIAL MODEL

117

Predicted Reaction Time Functions for Exhaustive
Serial Model and Self-Terminating Serial Model



occurred at the end of the list as it would if the match occurred at the
beginning of the list. For self-terminating models a match at the begin-
ning of the comparisons process would yield a quicker response than a match
at the end of the list resulting in a function with a positive sliope.

The serial pocition curves actually observed in this item recognition
experiment were relatively flat (zero slope). This, together with the lin-
earity of the latency functions and the eauality of their slopes for posi-
tive and negative responses, support the existence of exhaustive search.
This does appear to be contrary to common sense and is contrary to subjects
reports.

Other Components of RT

The reaction time was defined earlier as the time measured from the onset
of the test stimulus to the response. This time is made up of several com-
ponents which can be related mathematically by the equation:

RT = b + a.s (1)

where RT is the mean reaction time, b is the y intercept, a is the slope,
and s is the size of the positive set, The slope component of the equation
has already been identified as representing the "processing time" (search
and decision) unique to that number of items in memory. It is an estimate
of the time per comparison ard has a value of approximately 38 msec indi-
cating an average scanning rate between 25 and 30 digits per second. Vari-
ables affecting the slope of the function have already been described. The
other component of the equation is the intercept value of the reaction time
versus memory set function. The height of the zero intercept indicates
that a large fraction of the RT reflects the duration of processes other
than scanning. These processes are believed to represent the basic input/
output time. By manipulating different experimental factors, Stérnbery
(1969a) identified these processes and arranged them into stages whose
durations contribute to the zero intercepts but do not affect the slopes of
the functions (Figure 9).
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The first stage involves stimulus encoding and deals with input time., The
duration of this stage is affected by the legibility of the stimulus. If
the stimulus is degraded or rotated, the additional time needed to encode
the stimulus will be reflected in the intercept value of the reaction

time. This representation is then used in the serial comparison staye,
whose duration increases lineariy with positive sei size; this is reflected
in the slope as discussed previcusly, In the third siags, a bindry deci-
sion is made that depends on whether a match has occurred during the serial
comparison stage preceding it, the mean duration of the third stage is
greater for negative than for positive decisions. The selection and output
of a response, based on the decision, i3 accomplished in a fourth staye,
wnose durdtivn is influenced by the relative frequency with which a
response of that type is required. These last two stage durations, as the
first, are also reflacted solely in the intercept value, Other factors, of
course, may also influence these samz stages.

The Sternberg Pcradigm in Other Research

Since thue task's development and formalization (Sternberg, 1966, 1967,
1969a), it has been subjected to numerous investigation and replicntion,
which has yielde. many conflicting results and controversies. Oespite the
voluminous litercture, there have been few attempts to systematically
review the great amount of research in this area. One review has ueen con-
ducted by Sternberg himself (1975), in a well organized albeit subjective
article. The other known review was conducted by Hann (1973).

Hann organized the literature according to the type of situational (inde-
pendent) variable manipulated by the investigators. Thirty distinct inde-
pendent variables have been identified in the literature and have been
collected into seven groups. Varying the memory set size is a feature of
all but a few studies since this is one of the basic characteristics of the
Sternberg paradigm, RT is the dependent variable vor all experiements.

The seven categories of variables, as well as some respective studies, are
briefly stated.

120

BRI, T I M A L AT I LI TR I AT ST Y S P AR A A LAy 3 A LSy LA Ly St Lt Lt LR e A A T ISR W B T G IR



1. Stimulus category and quality as a variable.

The greatest number of studies reported have been of this type. “Stimulus
category" is used in the sense of a formal or conceptual relationship
(e.g., digits versus letters, word versus synonym, four sided versus six
sided figure, etc.). A typical finding of this group was the more rapid
scanning of formally (i.e., physically) similar stimuli, compared to stim-
uli with associational similarity (Lively and Sanford, 1972; Kiatzky,
Juolea, and Atkinson, 1971; Naus, Glucksberg, and Ornstein, 1972), also
true for same versus different modality manipulations.

2, Stimulus probability and frequency.

In these studies, the probability or frequenty of a test item belonging to
the positive set was varied (Briggs and Swanson, 1969; Theios et al.,
1973). The general conclusion to be reached from these studies is that
probability of occurrence of a particular stimulus has an inverse relation
to RT in a memory scan task. Whether an item is repeated, specifically
cued, or just occurs more often over a series of trials, the resuits were
always a reduction in RT for that item.

3. Temporal variables.

These investigations have manipulated time factors during various phases of
the memory search task to study their effect on RT. Varying presentation
rate of the memory items seemed to have little or no effect on RT (Burrows
and Okada, 1971). However, altering the delay between memory set and test
set presentation appeared to effect the memory set encoding process; it was
hypothesized that at the shorter delay, comparison is held up until encod-
ing is complete (Connor, 1972).

4, Spatial and numerical separation.
The majority of work in this category has been done by DeRosa, Morin and

Associates (Morin, DeRosa, and Stultz, 1967; DeRosa and Morin, 197(; Morin,
DeRosa, and UIm, 1967). It was found from these experiments that when
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stimuli are organized in some way, such as the well learned properties of a
numerical sequence, the RT is facilitated. On neyative trials, the farther
a probe was numerically from the positive set, the faster the RT.

5. Instructional variables.

Several researchers have manipulated independent variables which require
active, intentional processinyg under the control of the subject, as
instructed by the experimenter. In some experiments, the subject's task
was to mentally remove N items from the positive set (P) so that the number
of items which required a positive response was P-N (DeRosa, 1969; (DeRosa
and Sabol, 1973). Delaying the test probe after presentation of the
deleted items resulted in decreasing RT with increasing delay. Speed ver-
sus accuracy instructions both evidenced strong practice effects (Lively,
1972); however, these effects were noted on the intercept of the RT func-
tion but not on the slope.

6. Test set size.

Manipulations of the test set size has provided additional information
regarding the scanning processes by permitting the decomposition of the
comparison stage into: (1) a retrieval from long temm memory followed by
(2) the actual item by item comparison. When there were items common to
both the memory and test sets, the RT dropped as a function of the number
of common items (Briggs and Blaha, 1969; Briggs and Swanson, 1969; Briggs
and Johnsen, 1973).

7. Miscellaneous variables.

Presentation of picture versus letter stimuli to both halves of the visual
field resulted in hemispheric differences in RT (Klatzky and Atkinson,
1971). Picture RTs were faster when processed by the left hemisphere, vice
versa for letter sets. When stimuli were presented to the "slow" half of
the brain for that type of stimulus, the intercept increased but the
comparison rate was unchanged. This additional time was thought to be the
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interhemisphere transfer time required to get thz information to the
optimal hemisphere.

Generalizations and Extensions of the Paradigm and Phenomena

Reaction time functions that are approximately linear and increase as a
function of set size for both positive and negative responses have been
observed in various laboratories with a variety of stimulus ensembles, both
auditory and visual. The stimuli that have been used include visual and
auditory digits and letters, two and three digit numerals, shapes, pictures
of faces, drawings of common objects, words of various lengths, colors, and
phonemes (e.g., Burrows and Okada, 1973; Chase and Calfe, 1969; Clifton and
Tash, 1973; Foss and Dowell, 1971; Hoving, Morin, and Konick, 1970;
Swanson, Johrisen, and Briggs, 1972). The slopes of the different ensembles
are not the same but differ systematically in an orderly way. The RT func-
tions have been observed to remain linear and paraliel in studies with
positive sets containing up to 10 letters, (Wingfield and Branca, 1970) and
up to 12 common words (Naus, 1974).

The phenomena have been observed in people of various ages, ranging from
children to elderly adults, and in normals, alcoholics, schizophrenics, and
brain damaged riental retardates, For some of these groups, the slopes
and/or intercepts of the RT functions are elevated relative to those of
young adults; for example, aging and mental retardation both appear to
produce incrzased slopes (Anders, Fozard, and Lillyquist, 1972; Harris and
Fleer, 1974;. Children as young as eight produce RT functions with higher
intercepts, but the same slope as young adults (Hoving et al., 1970; Harris
and Fleer, 1974). Also, except for differences in the value of the
y-intercept, schizopnrenics and alcoholics look surprisingly similar to
each other and to normals.

Finally the effect of extended practice in the item recognition task should
be considered., The effect seems to depend on details of the procedure.
Several studies have shown that when subjects practice with the same fixed
sets over many days, the RT functions become flatter and nagatively accel-
erated, This is particularly true if members of the ensemble are
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consistently associated with particular responses; so that a stimulus that
is in any positive set for a subject can never be in any negative set, and
vice versa (Ross, 1970; Kristofferson, 1972b). On the other hand, when
sets are changed either from trial to trial or from session to session
(Kristofferson, 1972a), and stimuli are not consistently assigned to
particular responses, extended practice seems to have virtually no effect
on the phenomenon, The effect of practice also seems only to affect the
zero intercept, not the slope (Kristofferson, 1972a2).

RELIABILITY

The item recognition task has been tested for stability of scores for its
pnssible inclusion in a battery of Performance Evaluation Tests for Envi-
ronmental Research (Peter), (Carter et al., 1980; Carter and Krause,

1983). If a test is to be used for drug or environmental research, it must
be administered repeatedly to the same subjects in a baseline condition and
in the novel environment. It would be desirable for a test to provide
unchanging scores in the baseline because any change associated with
repeated measurement would be confounded with changes of performance due to
the environment.

In the Carter et al. (1980) study 21 male subjects performed the item
recognition task with positive set sizes of one to four Jdigits which were
presented for 1 second per item. Each session included 10 trials for each
memory sel size with half of these trials requiring a positive response and
the cther half a negative responsc., Digits were chosen at random, and were
different on each day, but were the same for all subjects on any particular
day. Testing was conducted once each day for 15 consecutive weekdays. The
test sessions lasted about 15 minutes per subject per day. Data was
obtained for mean RTs for positive set sizes, slope of mean RT versus set
size, intercepc of mean RT versus set size, and percent error.

The intercept score did not change appreciably during the experiment,
slopes decreased with practice until the third day and response times
stabilized after the fourth session,




The intersession reliabiiities of siopes and inteicepts indicated the
degree to which the scores represent enduring abilities (remain in the same
relationship from day to day). The intersession reliabilities for both
slope and intercept scores were found to be uniformly low. According to
Carter et al., (1980), the poor reliabilities cast doubt upon the potential
of these scores for measurement of individual differences and they would
make the test relatively insensitive to envirommental effects. However, it
should be taken into consideration that very few trials per memory set size
were given during each day in this study (five positive and five negative
trials). It is not surprising to find low reliability scores for the slope
with so few trials. In contrast, the reliabilities of the RTs from which
the slopes are calculated were relatively high, being generally greater
than .70. Thus, RT was stable for each of the four memory set sizes, from
the standpoint of reifability, after the fourth session.

VALIDITY

The item recognition paradigm developed by Sternberg (1966) is a memory
search task which utilizes error free reaction times to determine processes
of retrieval and comparison in short temm working memory. The slope of
these reaction time functions is taken as a measure of the rate of search
tinrough short term meniory, and the intercept is interpreted as the time
required for stimulus processing and response formulation (Sternberg, 1966,

1975).

Results obtained with tite item recognition paradigm have been duplicated in
a number of experiments demonstrating that the phenomenon is relatively
robust, and that the estimated scanning rate is remarkably invariant across
subject populations and practice. The most general observation is that
investigators have found memory scan to be a serial process. That is,
regardless of other variables, KT was always an increasing function of
positive set size. Also, with a few exceptions (e.g., Klatzky et al.,
1971; Holmgren, 1970), violations of the assumption of nonoverlapping
stages and the assumption of pure insertion have not been found necessary
to explain the data.
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Erfects of duplication of itams in the list, their serial positions, and
the relative frequency with which they are tested, have led investigators
to support different models of memory scanning. Roughly, twice as many
investigators have supported the exhaustive scan theory than have favored
the self temminating search interpretation; however, the latter group is
sizeable. Also, another group of researchers, as large as the self ter-
minating group, has found neither explanation to be wholly satisfactory,
favoring instead various combinations of the two theories.

In summary, this memory search task does appear to be diagnostic of the
processes involved in retrieval and comparison of items in short term work-
ing memory as evidenced by the slope of the RT function. To a lesser
extent, this task is also diagnostic of the time required for stimulus
encod,ng and response formulation as evidenced in intercept scores. The
underlying models of search processes have not yet been clearly estab-
1ished; however, given the purpose of the UTC-PAB, the underiying model
describing memory search is not of critical importance.

SENSITIVITY

Various modifications of the Sternberg memory search task have been used
frequently in environmental research. The intent of this research is not
always the same. This section has been divided into two classes of envi-
ronmental research in which the Sternberg task is used as a measure of
short term memory perfonmance. These classes are: (1) drugs and (2) work-
load, which is further broken down into physiological and dual task
research. Representative studies from each class and their findings will
be described to determine the sensitivity of the task to manipulations of
these enviromeental factors.

Orugs

By examining the slopes and intercepts of reaction time versus set size
functions, in drug treatment and placebo conditions, the locus as well as
the presence of drug effects can be determined. In one study, the memory
search task was used to evaluate the dose response relationship between



elemental mercury exnosure and chort teorm memoiy tuinctioning (Smith and
Langolf, 1981). Set sizes of two, three, and five digits were presented
using the fixed set visual procedure to 26 male workers in two mercury cell
chloralkali plants. Workers were tested twice at a three month interval.
Intercept, memory scanning time, and effect of response type were measured
as dependent variables. Intercept was not significantly related to any of
the four mercury exposure indices. However, memory scanning time was sig-
nificantly related to all four indices and the effect of resoonse type was
significantly related to the two lower doses. The authors concluded that
chronic exposure to mercury may have a detrimental effect on memory scan-
ning time and that the locus of this effect exists in the central nervous

system,

In another application, Osborne and Rogers (1983) attempted to detemmine
the effect of various combinations of alcohol and caffeine on human reac-
tion time. In this application, the Sternberg paradigm was used to help
determine which processing stages are most effected by the drugs. Set
sizes of one to four letters were visually presented to eight subjects in
random order via the fixed set procedure, The results showed no signif-
icant differences in the slopes of the various alcohol/caffeine combina-
tions; -uwever, significant differences were obtained with the intercept
values. These results led the authors to conclude that these drugs affect
the peripheral stages in the Sternberyg information processing model.

Two antidepressant drugs, amoxapine and amitriptyiine, were given to
depressed outpatients whose reaction times on the memory search test were
measured before and after treatment (McNair, Kahn, Frankenthaler, and
Faldetta, 1984). Using a positive set size of from one to six digits,
specific digits, series lengths, test digits, and position of positive test
digit in the preceding series were randomly generated. A significant
increase in speed of performance was associated with amitriptyline, about

7 percent faster. Amoxapine neither impaired nor facilitated performance

on the task.

Roth, Tinklenbery, and Kopell (1977) used the Sternbery tasks tc elicit
event related potentials (ERP) which were used to compare the effects of
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ethanol and marihuana. Twelve subjects were tested on three separate days
1 hour after ingesticn of one of the drugs. On each trial, one tc four
target digits were presented consecutively followed by a probe digit. Each
target set size, each portion of the probe in this target set sequence, and
in set and out of set probes were randomized. ERP measures were then
taken., P300 amplitude showed both a drug effect and a set size effect.
Both drugs differed significantly from the placebo but not from each

other. Marihuana increased overall RT for each set size by about 75 msec,

The Sternberg memory scanning task was one of three tasks given to 18 sub-
jects after receiving 10 mg of metamphetamine, 100 mg secobarhital, and a
placebo on separate days (Mohs, Tinklenberg, Roth, and Kopell, 1980).

Tests were given before treatment and 50 minutes following drug administra-
tion. Subjects were given a series of trials lasting a total of 20 min-
utes. At the start of each trial, a new memory set of one to four digits
was visually presented (V-VS). Neither drug significantly affected per-
formance on this task. RT did increase linearly with set size and there
were fewer errors (12 percent). Thus, metamphetamine and secobarbital do

not affect short term memory.

The results of the described studies provide evidence that tasks, for which
well developed cognitive theories exist such as the Sternbery memory search
task, make it possible to study the performance of specific stages or com-

ponents of performance. Because of this property, they are we!l suited to

application in the field of behavioral toxicology.

Dual Task

The Sternberg task is also particularly appropriate for the purpose of
localizing dual task effects within stage theory. It is thought that the
Sternberg task may be sensitive tu the memory load the individual is under
while performing a separate, primary task. The positive set would be a
sample of the individual's total memory load which would then be eval-
uated. When the Sternberg task is used as a secondary task, it would be
hypothesized that the slope of the function would be a measure of primary
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task memory load and the intercept would be an estimate of the secondary
task interference with the primary or vice versa.

Reaction times in the Sternberg task were used to localize the divided
attention effect (less proficient performance under dual than under single
task conditions) within the scage model (Briggs, Peters, and Fisher,
1972). A trecking task was used as the primary task as it was expected to
load across all stages of information processing equally. The Sternberg
fixed set (one, two, or four items) procedure was auditorily presented to
the subjects as the secondary task. The results showed a dual task effect
of intercept only. Briggs et al. (1972) concluded that when loading is
broadly based across stages, then the primary divided attention effect
seems to be manifested rather early in the processing of information by the
human, such as in the encoding (input) stages.

Spicuzza, Pinkus, and 0'Donnell (1974) have also used the memory search
task as a secondary task to measure the effects of Manual Flying Work-
load. Both auditory and visual presentations of the fixed set procedure
were used with memory sets of one, two, three, and four letters. The
subjects were given one of two simulated flying missions as the primary
task. The authors concluded from their results that standard Sternberg
methods of scoring appear to yield consistent and interpretable data with
predominantly linear trends.

Crosby and Parkinson (1979) investigated pilots' skill levels by measuring
performance of instructor pilots and student pilots in a dual task para-
digm, combining a ground controlled approach (GCA) as the primary task and
memcry search as the subsidiary task. Between groups differences on the
search task were restricted to the intercept of the function. It was con-
cluded that the effect of experience on the type of flight task examined
was to reduce the processing demands of encoding or responding. Also, dual
task performance discriminated between student groups, differing in only
four weeks of training, suggests that the dual task paradigm has consider-
able potential value in providing an objective measure of flight
proficiency.




Wetherell (1981) used the memory search paradigm as one of a battery of
secondary tasks to measure the mental load imposed by driving under stan-
dard conditions., Subjects heard series of four or eight random digits from
the range 0 to 9 at the rate of one digit per second. The only significant
finding with this task was that the proportion of sequences correctly
recalled by males decreased significantly, while the etfect was similar but
not significant for females.

Event Related Potentials (ERPs)

A final use of the Sternbery memory search task is to examine psychuphysio-
logical responses (i.e., P300 latency). This task is ideal because it is a
more complex task in which the stimulus events are rexdily discernable and
performance measures are maintained at acceptable levels. By recording
brain potentials to positive and negative test stimuli while varying the
number of items, it may be possible to observe differences in waveform as a
function of stimulus class or complexity. In an early experiment, a sig-
nificant enhancement of the P300 (late, positive) component was observed
for positive letter presentation in item recognition tasks. The difference
between negative and positive probes increased with positive set size, and
RTs were significantly longer for negative stimuli (Gomer, Spicuzza, and
0'Donnell, 1976).

Late positive components have been used with the memory search paradigm to
try to define the underlying models of the search task., Brookhuis, Mulder,
Mulder, Gioerich, VanDellen, VanDerMeere, and Ellerman (1981) measured
amplitude and latency of late positive components together with RT on the
memory search task. The visual varied set procedure was used with a memory
load size of one to four characters. The RT data indicated a self termi-
nating search process while the P30C data suggests an exhaustive search
process. Several possible solutions for the results are sugyested.

Adam and Collins (1978) used digits of set sizes 1, 3, 5, 7, 9, and 11 and
recorded brain potentials. Results supported a serial and exhaustive
search. P300 latency increased with set size up to size seven with an
average search time of 22 msec per set item. With set sizes 9 and 11, the
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results indicated large individual differences and also a break in the
correlation between RT and ERP latencies.

The effects of age differences on memory Search have also been measured by
ERPs. In one study, the amplitude and latency were not significantly dif-
ferent for young and elderly subjects, but the RT was significantly slower
for older than younger subjects (Ford et al., 1979). In another study,
however, the amplitude of the P300 increased significantly with set size,
and younger subjects had significantly larger P300 amplitudes than older
subjects. These offects matched the RT functions (Pfefferbaum et al.,

1980).

As evidenced by the discrepancies of the results for the studies described,
the validity of the event related potential is questionable until further
definitive research is performed.

TECHNICAL DESCRIPTION

The six versions of the UTC-PAB memory search task will share a number of
common specifications, In all versions, the positive set items will be
randomly selected from the 26 English alphabet characters. However, no
items which are acoustically confusing will be used in the same positive
set. The negative probe letters used with a specific positive set will be
randomly selected from the remaining alphabetic characters with the

res ~iction that none will be acoustically confusable with any member of
the positive set. In all cases, trials will consist of 50 negative probes
and 50 positive probes presented in a random order.

The « ual versions of the task (V-FS, V-MS, V-VS) will use upper case
alprabetic characters. Subjects will view the CRT from a distance of

60 cm. Positive sets will be presented simultaneously on a line approx-
imately one-third of the distance from the top of the screen. Probe
letters will be centered on a line one-half the distance from the top of
the CRT. Letter size for all stimuli will be .5 c¢cm wide by .7 cm high,
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The fixed set versions {V-FS, A-FS) will begin by presenting the positive
set for subject inspection on the CRT. In A-FS, the set will also be
spoken at a rate of cne character per second during inspection. When the
subject has memorized the list, the subject will press either of the two
response keys which will remove the positive set frun the screen, teminat-
ing the inspection period and initiating the trial, One second after the
subject terminates inspection, the first prche letter will appear. Suc-
ceeding probes will be presented 300 msec following the response to the
previous probe. Probe letters on the V-FS procedure will remain on the
screen until the subject responds. In either the V-FS or A-FS versicn, if
the subject fails to respond to the probe within 3 seconds, a 1000 Hz tone
will sound for 300 msec, the next probe will be presented, and the presen-
tation will be scored as a "response failure." No reaction times will be
recorded in these cases. The mixed set versions of the task (V-MS, A-MS)
will have timing and response deadline characteristics identical to the
fixed set versions, The varied set versions will also be identical to the
fixed set versions with the exception that the time available for observing
and encoding the positive sets will be fixed at 1 second. Once this period
has elapsed, the probe stimulus will be automatically presented.

Trial Specifications

The chronological series of events for the fixed, mixed, and varied vers-
ions for each trial are established as follows:

(1) Fixed Set Versions: (a) positive set inspection time, terminated by
onset of subject's start response, (b) first probe onset, 1 second follow-
ing subject's start response, () reaction time onset of probe to onset of
subject's choice response, and (d) response probe interval fixed at

300 msec (onset of choice response to onset of probe). A trial consists of
the presentation of one positive set followed by 100 probes.

(2) Mixed Set Versions: (a) positive set inspection time, teminated by
onset of subject's start response, (b) first probe onset, 1 second follow-
ing subject's start response, (c) reaction time onset of probe to onset of
choice response, and (d) response probe interval fixed at 300 msec. Ten
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probes foilow each positive set. A new positive set appears 300 msec
following 10th choice response. A trial consists of 10 positive sets
followed by 10 probes,

(3) Vvaried Set Versions: (a) positive set inspection time fixed at

1 second, (b) probe stimulus onset 300 msec following offset of positive
set, (¢) reaction time onset of probe to onset of choice response, and (d)
new positive set appears 300 msec following onset of previous choice
response. A single probe follows each study set. A trial consists of 100
study sets followed by one probe.

DATA SPECIFICATIONS

A separate data record will be stored for each trial. Each record will
contain the specific positive sets and all probes used in a trial. From
the start of every trial, certain times in msec shall be recoried. These
are: (1) trial start, (2) onset of study sez, (3) offset of study set, (4)
onset of probe item, (5) onset of subject response to probe, and (6) onset
of deadline alarms.

From these time measurements and data, statistics can be calculated and
various RTs can be computed. These, in turn, can be used to determine
slope and intercept values of the RT versus positive set size functions.
The sunmary statistics suggested include: (1) mean positive set inspection
time for both fixed and mixed versions, (2) mean correct RT and standard
deviation to probe items, (3) mean correct RT and standard deviation to
positive probe items only and tc negative probe items only, (4) total trial
duration, (5) number and percent of response failure errors, (6) number and
percent of incorrect response errors, and (7) number and percent of total
errors.

TRAINING REQUIREMENTS

The instructions should be read to the subjects before the start of the
training trials. In ali versions, subjects are instructed to respond to
the probe stimuli as quickly and accurately as possible. However, accuracy
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1s emphasized and subjects should attempt to keep error rates below 5 per-
cenlt in any trial. In the fixed and mixed set versions where the inspec-
tion period for the positive set(s) is detemined by the subject, subjects
should be tcld to take only enough time to insure representation of the
positive set in memory. Precise training times for the six versions of
this task have not been determinad. However, generalizing from other
similar research, major practice effects are eliminated with four training
sessions composed of 7 to 16 trials with each positive set size.

To summarize, the training phase for this test should consist of the
following steps:

1. Read instructions to the subjects.

2. Run practice triais and evaluate subjects' performance to ensure that
the instructions are being followed.

3. Repeat the practice trials if it appears that the subjects require
additional practice with the test.

4. Run the experimental trials. Note, if the tasks are beinyg run nver
several sessions on this test, one may omit the practice trials after

tne first session.
INSTRUCTIONS TO SUBJECTS

The memory search task consists of two parts., In the first part of the
task, you will be memorizing a small set of letters from the alphabet.

This is called the "memory set." In the second part of the task, you will
see a series of letters presented one at a time. Your task is to decide
whether each letter is one of the letters in the memory set. 1If a letter
is one of the memory set items, you press the "yes" key; if it is not one
of the memcry set items, you press the “no" key. The object of the task is
to respond to the letters as quickly as possible without making any

errors. Respond as fast as you can to the letters, hut if you find
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yourself making errors, slow down. You should try to respond correctly to
every item.

There will be either one, two, four, or six letters in the memory set. On
some trials, you will have as much time as you need to memorize the letters
in the memory set. On other trials, this time will be set for you. It
should take you not more than 15 to 20 seconds to commit the items to mem-
ory. The actual letters in the memory set will be different on each trial,
so you'll have to memorize a new set at the beginning of each trial. On
certain trials only one probe letter will follow the memory set, on other
trials 10 probes or 100 probes will follow the memory set. Also on some
trials the probe letters will pe presented acoustically, while on other
trials they will be presented visually.
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nzé Section 11

;; SPATIAL PROCESSING TASK (UTC-PAB TEST NO. 10)

g{ (SPATIAL ORIENTATION/ROTATIUN SHORT TERM MEMORY)

‘; PURPOSE

Y

-é, This task is designed to examine the subject's ability to mentally rotate a
B series of histograms prior to making a same/different judgement about
‘f? them. The task taps visual short termm memory, since the standard and test
%; stimuli are presented successively rather than simultaneously.

X

ét DESCRIPTION

it

The subject will be presented a series of histograms one at a time. He
4 must determine whether the second histogram of each pair is identical to
the first. He will indicate his answer by either pressiny a button labeled

A "same" or a button marked "different" on a two key response box, Task
§7 loadings are varied by presenting a two bar standard stimulus with the test
'és stimulus in the zero degree orientation for low loading; a four bar stand-
" ard with the test stimulus in the 90 or 270 degree orientation provides
B moderate task loading; and a six bar standard with the test stimulus in the
;‘ 180 degree orientation provides high task loading.
4y
t BACKGRGUND
¢
;5 This version of the spatial processing task is from the criterion task set
E? (CTS) (Shingledecker, 1984). The CTS version is in turn derived from an
N earlier task used by Chiles, Alluisi, and Adams (1968). In the oriyinal
fg task, the subjects were snown a standard stimulus and then a pair ot test
f stimuli. The subject's task was to decide if one, neither, or both of the
e test stimuli were identical to the standard stimulus., The standard was
; presented for 5 seconds and each test stimulus was presented for 2 sec-
" onds. One second elapsed between each successive presentation, The
‘é quality of the test stimuli was deyraded by the introduction of "noise" in
'§ the pattern, Noise was defined as a random state change of a matrix cell
é (i.e., making it white when it was originally black or vice versa).
3
g |
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The CTS version of the task is somewhat different. A standard stimulus
oriented at zero deyrees is presented. After a pause, a single test stimu-
lus is presented in an orientation of 0, 90, 180, or 270 degrees. The fig-
ure may be the same as, or difterent trom, the standard stimulus. The
prime similarity between the two versions (CTS and Chiles et al., 1968) of
the task is the type of stimuli,

The current experimental task is taken from the CTS battery (Shingledecker,
1984). Individual tasks in the battery were designed to place specitic and
selective demands on the capabilities of the human subject. The capabil-
ities (or resources) chosen were hypothesized to be prime components of a
variety of more complex human behaviors typically occurring in both mili-
tary and civilian workplaces. During the development phase of the spatial
nrocessing task, all elements of the test (e.g., number of bars and test
stimulus orientation) were combined factorially. Levels in the current
task represent three levels from the development phase which were shown to
have reliable and statistically significant differences between them.
Although in a strict experimental design sense there is a confounding of
orientation with nunber of bars in the stimulus (since not all orientations
occur with each number of bars), the purpose of the task is to produce
reliably different loading levels. The different ‘oading levels are,
therefore, the important aspect of the task rather than the interrela-

tionship of the task's factors. The purpose of the task must, above all,
= he sensitive to the different 1nadinn randiirinne

The structure of the model posits three stages of processing and associated
resources: perceptual input, central processing, and response output. The
tasks were selected from the literature of cognitive and psychomotor per-
formance which coincided with the various combinations of input, pro-
cessing, and output modes in the model., These tasks were then, in turn,
validated and different levels of task loading were detemined. Thus, the
spatial processing task used in the UTC-PAB was designed to load spatial

memory and matching abilities in the model.

1
In the Chiles et al. (1968) task, tie stimuli were all six bar histograms, %
with each bar ranging in height frum one to six units. No two bars in the
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same figure could be identical in height. The Shingledecker (1984) CTS
stimuli have either two, four, or six bars.

The differences batween the two tasks are great enough to make generaliza-
tion from one to the other questionable. In the Chiles et al. (1908) task,
the primary loading is a memorial one. The standard must be maintained in
a memory store for comparison purposes; since there are two separate test
stimuli, the test stimuli must also be stored. A minimum of two separate
comparisons must be made, with the intermediate results of each comparison
maintained in memory as well. The figures are not manipulated by the
subject in this task, only compared.

In the CTS version the standa:d must be maintained in memory, but the test
stimulus does not. In all but the two bar histograms, the test stimulus
must be mentally rotated prior to the same/different judgement (see Cooper
and Shepard, 1978 regarding mental rotation and same/different judge-
ments). Thus, the primary loading for the moderate and higyh ditficulty
levels of the task (the low level task is excluded here since the test
stimulus is always in the same orientation as the standard) would appear to
be a spatial transformaticnal one.

The Chiles, Alluisi, and Adams (1968) task on which this test is based is
somewhai different, both in structure and intent. In that task, the sub-
Jects were shown a target pattern, whose basic construction was identical
to thg-;T; bar histograms in the CTS task. They were then shown two test
stimuli in succescion. However, prior to display of the test stimuli, some
level of noise was introduced by changiny the state of certain cells in the
matrix (i.e., turning then on when they should be off, or vice versa). The
subject's task was to indicate whether the first, second, or neither test
stimulus was identical to the standard stimulus. The CTS version does not
introduce noise into the matrix, nor does it ask the subject to make judge-
ments about a pair of test stimuli,

Tne original version of this task was created by Fitts et al. (1952) and
th.. general paradigm is referred to as the Fitts Histoyram procedure. In
t*is eariler work, Fitts and his collegues presented a single histogram to
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their subjects as a standard, followed by six rows of eight simultancously
presented test stimuli., The subject's task was to select the test stimulus
from each row that was identical to the standard. Some of the stimuli were
created in the same fashion as those in the current study, using six bars
with lengths from one to six units. Others were created as the figure and
its mirror image, joined at the midline. And finally, a third group was
composed of two iso-oriented repetitions of the pattern. 1In general, Fitts
found that response time was fastest for random stimuli, and slowest for
constrained stimuli (i.e., stimuli with bars chosen without replacement
from the population of possible heights). In addition, symmetrical stimuli
were identified most quickly.

The type of task used in the current experiment probably falls into the
category of spatial transformation as defined in Lohman's 1979 survey and
reanalysis of the correlational literature on spatial perception. More
specifically, the task probably requires visualization (vz) ability. Vz
tasks involve the mental reorientation (e.g., mental rotation) of complex
figures or designs prior to making judgements about those figures. The
complex figures in Vz tasks are most often two dimensicnal representations
of three dimensional objects., Sometimes the figures are plane polygons as
in the current study. Because the tasks involve the manipulation of a
great many figural points and planes, Vz operations are often characterized
by relatively slow performance. This type of slow performance is typical
of Kosslyn and Shwartz's (1977) CRT model of mental imagery, where mental
rotations and manipulations are the resuit of point by point transforma-
tions of the mental imaye by the subject. A simpler (and somewhat faster)
type of spatial transformation is labeled spatial orientation (SO). Rather
than mental rotation of the stimulus figure, the subject typically imagines
observing the figure from a new vantage point or perspective. It is
unlikely that SO operations would be used for the current task, since the
histograms are purely and obviously plane figures, rather than two dimen-
sional representations of three dimensional objects (as the figures were in
Shepard and Metzler's 1971 study where Vz strategies were most often

used). The final level of Lohman's hierarchy of spatial factors and prc-
cesses contains factors which may apply to the current task. Since the
task must be perforined under time constraints, the spatial orientation test
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will probably be affected by the perceptual speed (Ps) dimension which is

éé best described as the speed of matching stimuli, and closure speed (Cs)

\; which is the speed of matching incomplete or distorted stimuli with repre-
¥ sentations already in memory. Lohman's hierachy is presented in Fiyure lU.
2

;ﬁ The stimuli used in this study were originally develooed by Fitts and his
3; colleagues and were called constrained figures. This meant that each bar
B in the histogram was selected from a population of all possible bar heights
v?. without replacement. Therefore, no two bars in the figure can have the

o same height., Fitts also used random fiqures. The bar heights for these

E figures were chosen at random, so it was possible for two or more bars i1n a
- figure to have the same height. Generally, Fitts and his coworkers tound
§« that detection times for the rardcm figures were taster than for the con-
o strained figures,

e

N

- RELIABILITY

§ Kennedy and his colleagues (1985) used the Fitts Histograms as a marker

> test during the development of a microcomputer based repeated measures test
': battery. They found a test-retest reliability for the task of 0.90. Usirg
{: the Spearman Prophecy formula, they estimated the reliability of a 3-minute
72} version of the test to be 0.93. The test, in the Kennedy study, was

ﬂﬁ administered as a paper and pencil test, This type of test tended to sta-
- bilize more slowly than the same test in computer based form. Therefore,

;iﬁ any generalizations must be made with caution., The Chiles et al. (1968)

:Zi task has a split half reliability of 0.75.

e

; VALIDITY

;3 The Fitts Histogram test correlated 0.71 with the Klein and Armitaye task
Eﬁ (a simultaneous dot pattern comparison test included in the UTC-PAB) in the
:; Kennedy et al. (1985) study. Previous research has shown that the Klein

g& and Armitage pattern comparison test loads on spatial factors. Kennedy and
g\ his coworkers performed a factor analysis on the tests in their battery

%g (again, thece results should be interpreted with caution since there were
i only 20 subjects and 11 tests) and isolated four factors. The Fitts
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Figure 10. Representation of the Relationships Between the Various
Spatial Factors and Abilities (After Lohman)
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Histograms lcaded on the same factor as the Manikin test (a test loadinyg on
Lonman's SO factor), code substitution (loading on SR), and the Klein and
Armitage task (also Lohman's SR facter)., Fitts Histograms also loaded on a
factor which appeared to be a motor control factor (this can probably be
attributed to the fact that the test was administered as a paper and pencil
test). One rather interesting fact: one factor was representative only of
the computer basad tasks and not their paper and pencil counterparts. This
suggests that there might be fundamental differences in the strategies or
behaviors used by subjects in addressiny different versions of the same
test.

SENSITIVITY

Sensitivity to Intrusive Agents and Factors

No research has been completed with Fitts Histograms examining the el fects
of drugs, toxic agents, or environmental stressors. Similar research, how-
ever, has been perfromed on tests which load on the same spatial factors as
the Fitts task. The Manikin test has been shown to be sensitive to the
effects associated with diving to extreme depth (e.g., 600 meters) (Lewis
and Baddeley, 1981; Logie and Baddeley, 1983). The Klein and Armitage test
has been demonstrated to be sensitive to cyclical variations in cerebral
hemisprere arousal (Klein and Armitage, 1979). Chiles, Bruni, and Lewis
(1969) and Chiles, Alluisi, and Adams (1968) used a task like the Fitts
Histograms in studies of long tem vigilance ard social interaction duriny

isolation.
TECHNICAL DESCRIPTION

The histograms will be composed of bars one to six units in height. [n any
single histogram, no two bars will be identical. The bars will be separ-
ated from adjacent bars by a gap equivalent to a single bar's width, Each
histogram will be presented with a horizontal line at its base and a number
to designate its presentation position (i.e., a one if the histoyram is the
standard stimulus, or a two if the stimulus is the test figure). AIll stan-
dard stimuli wil) be presented in the zero degree orientation (i.e., with
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the histogram bars extending above the horizontal line); the test stimuli
will be presented in the zero degree (for the two bar stimulus), 90 and
270 degree (for the four bar stimulus) or 180 degree (for the six bar
stimulus) orientatiuns.

The task is performed in 3-minute trials. The standard is presented for

3 seconds, followed by a 1 second pause. Presentation duraiion for the
test stimuli varies with tke number of histogram bars: a maximum of 1.5
seconds for the two bar stimuli, 2,5 seconds for the four bar stimuli, and
3.5 seconds in the six bar condition. The subject's response must be made
between test stimulus onset and offset. Responses are made on a two key
response box with one key labeled "same" and one key labeled "different."

Trial Specifications

Each presentation during the 3-minute trial consists of the following
events: (a) the standard stimulus is presented for 3 seconds; (b) the
screen clears for 1 second; (c) the test stimulus is presented for 1.5 to
3.5 seconds (dependent on the number of bars in the histogram); (d) if the
subject makes a response before the end of the test stimulus presentation
period, the screen clears until the end of the period; (e) during the
training trials feedback is presented; (f) the next trial is presented.

DATA SPECIFICATIONS

The program generates and records a reaction time for the response to each
test stimulus. In addition, a response code indicates whether the response
was correct, incorrect, or teminated by the deadline.

A variety of summary statistics are computed including: (a) length of
presentation; (b) number of presentations; (c) number correct; (d) percent
correct; (e) percent presentations terminated by deadline; (f) percent
incorrect; (g) percent total errors (including deadlines and incorrect);
(h) mean correct reaction time; (i) median correct reaction time; and (j)
standard deviation of the reaction time. Hard copy of the data and summary
statistics is also available.
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TRAINING REQUIREMENTS

As a first step, subjects should be read the instructions. After the
instructions, the subjects should receive at least 3 3-minute trial at each
lavel of difficulty in order to achieve stable perfonnance. ODuring the
training periods, there is a 15-second response deadline; there is also
feedback to the subject.

It is important that the subjects perform the task in the fashion it is
described in the instructions, (e.g., as quickly and as accurately as pos-
sible)., If the experimenter feels that the subject does not understand the
instructions or the task, or is performing incorrectly, additinnal instruc-
tion and test trials may be administered.

To sunmarize, the training phase for this test should consist of the fol-
lowing steps:

1. Read the instructions to the subjects.

2. Run practice trials and evaluate subjects' performance to ensure
that the instructions are being followed.

3. Repeat the practice trials if it appears that the subjects
require additional practice with the test.

4. Run the experimental trials. Note, if the tasks are beiry run
over several sessions on this test, one may omit the practice
trials after the first session.

INSTRUCTIONS TO SUBJECTS

In the Spatial Processing task, a series of bar graphs, or histograns, are
presented one at a time. VYour task is to memorize the shape of the first
of the two histograms, and then decide whether the second histoyram is the
same shape or a different shape than the tirst. The first histogram is



labeled with a "1" and the second with a "2" so that you can keep them
straight, Always memorize the shape of the first histogram and make a
same/different response when the second histogram is displayed. "Same" and
"different" responses are made on the left and right keys of the keypad.

There are thiree versions of the task. In the first version, the histograms
are composed of only two bars and the second histogram in the pair is
oriented in an upright position. In the second version of the task, the
histograms contain four bars and the second histogram in the pair will
appear rotated on its side, either to the left or right. The third version
has six bar histograms with the second histogiram in an upside-down orienta-
tion. The first histogram in each pair will always be presented in an
upright position.

You control when the task starts by pressing any of the response keys.
Memorize the shape of the first histogram and respond either "same" or
“"different" to the second. The first histogram will be erased as soon as
you respond and the next pair of histograms will start. Try to respond as
quickly and accurately as possible. Go as quickly as you can, but if you
start making errcrs because you are rushing your decision, slow down. Data
collection lasts for 3 minutes from the start of the trial. After 3 min-
utes the task will automatically stop and the screen will go blank.
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Section 12
MATRIX ROTATION TASK (UTC-PAB TEST NO. 11)
(SPATIAL ROTATION SHORT TERM MEMORY)

PURPOSE

The purpose of the Matrix Rotation Task is to assess the subject's facility
for spatial rotation. Spatial rotation, also known as spatial transforma-
tion, is one component of spatial orientation. This task also evaluates
short term perceptual memory.

DESCRIPTION

The computer presents a series of 5 by 5 cell matrices, one by one, on the
center of the display. Each matrix has five illuminated cells. Atter a
pause, the screen blanks and a second matrix is presented. The subject is
required to determine if the second matrix is identical to the first.
Responses are made on a two key response box.

A matrix is considered to be identical! only if it is a 90 degree rotation
of the standard (i.e., first) matrix. Successive test matrices are never

presented in the same orientation.

BACKGROUND

The matrix rotation task used in this UTC-PAB test is based on tasks from
Phillips (1974) and Damos and Lyall (1984). In the Damos and Lyall study,
the stimuli were composed of a 5 by 5 matrix with five illuminated cells,
In the Phillips study, matrices were four, six, or eight cells on a side;
the matrix grid was not visible. Damos and Lyall did not specify the phys-
ical size, makeup, or configuration of their stimuli beyond the dimensions
of the parent grid and number of illuminated cells.

Several important differences exist between the Damos and Lyall stimul. and

those used in the other spatial tasks in the UTC-PAB, which are worth not-
ing., The first is the number of filled (or illuminated) cells. In the

146

G L B LA IRE AR Lt gt M iy | B ¢ (e ) A 1o LMt A SRRy Mt ag iy L IR Vg L mianin TR e 20 MR MR AN



B other studies, the proportion of filled cells was at or above 50 percent of
R the cells in the matrix (Phillips, 1974; Fitts et al., 1956; Klein and

Armitage, 1979; Ichikawa, 1981). In the Damos and Lyall stucy, only

20 percent (5 of 25) cells are filled, If a large proportion of the cells

in the matrix are filled, there is a greater likelihood that patterns of

& contiguous cells will be formed. In matrices with a lower proportion of

K cells filled, it is more likely that cells wili be isolated within the

matrix (e.g., have no filled cells abutting them). This tends to make the

pattern more difficult to memorize and manipulate; it is easier to memorize

patterns when the components are unambiguously associated or related in

some way.

I

ﬁﬁ The second issue to consider is related to the first. If filled cells are
%, isolated withir the matrix, those cells must be dealt with as individual
. 2: figures, rather than as part of a larger entity. This makes the figure

i; more complex. The effect of this increased complexity will be dealt with
K below.

4

N The nature of this task implies that it largely requires spatial abili-

5: ties. One of the most useful definitions of spatial ability is presented
ﬁ. in the work of Lohman (1979). Through an extensive reanalysis of the cor-
§ relational literature on spatial abilities, Lohman identified three primary

" factors of spatial skills. The highest level skil! was called visualiza-
" tion (Vz). Vz tasks involve the mental reorientation of a complex figure
;% or pattern in mental space. An example would be imagining the letter "R"
f? rotating slowly into an upside down position. A second spatial ability,
i located lower in the hierarchy, is called spatial orientation (SO). This
;; ability also involves mental rotation, but this time it involves reorienta-
S tion of the observer's viewpoint rather than the object being viewed.

%; Using the letter "R" again as an example, SO tasks would require the sub-
- Ject to imagine what the letter looks like from the bac!.. The third abil-
{Q ity in Lohman's model has been labeled spatial relations (Sr). Spatial

§§ relations can best be thought of as the ability to solve spatial problems
i‘ rapidly, regardless of the means used in solving the problem, See Figure

N 10 for a representation of Lohman's model.,
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The problem of complexity, mentioned above, comes into play at this

point. Tasks which are located high in the hierarchy (such as Vz tasks)
are quite difficult. As difficulty increases, speed of task execution
decreases. Thus, adding difficulty to the task (e.g., by decreasiny the
number of filled cells) decreases speed still further. These factors may
render comparisons between the UTC-PAB version of the test and other spa-
tial matrix-based test difficult to interpret. That is, the differences
between the UTC-PAB implementation and earlier versions of the test may be
qualitative rather than quantitative.

Other differences between the task as implemented in the UTC-PAB and its
original form may have implications for subjects' performance. In the
majority of the parent tasks forming the basis for the UTC-PAB tests, stim-
uli were typically of dot in matrix construction. The spatial tasks from
the present battery, however, are filled cells. The difference in appear-
ance between stimuli with dots in a matrix cell and those with completely
filled cells is substantial, even though the same amount of informaticn is
conveyed in both stimuli (Royer, 1981). In fact, as Royer found, there may
be performance differences between stimuli composed of different design

elements.

In his study, Royer used figures composed of two different elements, dots
or diagonal line segments (which he termed diagonolinear). Reaction times
tn the figures composed of diagonals was always slower than to the dot pat-
terns. Royer also generated different elements for pattern development:
rectilinear elements (which were orthogonal lines drawn between two filled
cells), and block elements (which had each cell completely filled). The
differences in appearance between the four types of patterns is striking,
although they all contain the same amount of symmetry information

(Figure 11).

Another difference between the tests in the UTC-PAB and their source tests
is the method of presentation. Some of the parent tests were presented in
paper and pencil form. There is some indication (Kennedy et al., 1985)
that tests presented in this form show different patterns of performance
stability than tests which are camputer based.
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PATTERN ELEMENT TYPE

e DIAGONO- RECTI-
DOT BLOCK LINEAR LINEAR

{2 Figure 11. Exampies of the Different Types of Cell Elements
and Symmetry Types (from Royer, 1981)
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Thus, this has implications for comparisons between the original versions
of the tests and their updated, computer presented versions used in the
UTC-PAB. However, based on the results of Kennedy et al. (1985), it is not
expected that these diftferences will be critical. It is only important
that it be kept in mind that it is possible d.fferences do exist,

This UTC-PAB test involves same/different judgements based on the suc-
cessive presentation of two 8-dot patterns. The patterns are similar to
those used by other researchers, including Ichikawa (1981), Klein and
Armitage (1979), and Phillips (1874). Since the current task uses suc-
cessive stimulus presentation, there is a memory loading factor which is
present only in one other spatial task in the UTC-PAB. Ichikawa (1981)
studied the effects of dot pattern configuration on subjects' estimates of
ease of memorization, The results were unequivocal: patterns which were
rated as easy to memorize had much higher levels of symmetry than patterns
which were rated as difficult to memorize. Thus, it is possible that dif-
ferential responses based on the perceived symmetry of a given pattern may
occur. It may, therefore, be desirable to at least attempt to contro! some
of the more common types of symmetry in order to obtain homogeneous per-
formance within a trial series,

Phillips (1974) evatuated sensory storage and short term visual memory of
spatial patterns. He used three different sized matrices; four, six, or
eight cells on a side. The density of dots was higher than in the current
study; the probabilicy ot a cell being filled was 0.5 rather than 0.2.
Phillips found that the 4 by 4 matrices had fairly lony viable storage
times (at least 9 seconds), losing no efficiency over the first 660 msec.
In addition, the patterns tended to be resistant to masking or deficits
induced by moving or shifting the pattern. In contrast, the larger matri-
ces seemed to be stored in the sensory store and were markedly affected by
movement, masking, and storage time. Storage time seemed to be limited to
about 100 msec. Thus, it appears that the choice of a 5 by 5 grid with
five filled cells for the UTC-PAB version ot the test is a viable one,
since the dot density is less than in some of the ciher cited studies.
This should result in stimuli that are not highly acceptable to peripheral
interference effects (e.g., masking).
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Bridyeman and Maye ' (1983) fuund that performance was «t a chance level
when subjects were required to shift tixation from one dot pattern position
to another, when trying to locate a single missing dot. Their patterns
consisted of 12 dots in a 5 by & matrix (making the proportion of filled
cells slightly below 0.5) and, for the two separations they used (4 and
2.25 degrees), performance was uniformmly poor, Implications for the UTC-
PAB version suggest that an overlay of the second stimulus over the first
may bhe the optimal presentction methodolngy. Anéther implication is that
increasing the number of dots beyond the current five may adversely affect
performance.

RELIABILITY

Kennedy et al. (198%) used the Fitts Histograms as a marker test during the
development of & microcomputer based repeated measures test battery. They
7found a test-retest reliability for the task of 0.90. Using the Spearman
Prophecy formula, they estimated the reliability of a 3-minute version of
the test to be 0.93. The test was administered as a paper and pencil test,
which tended to stabilize more slowly than the same test in computer based
form. The Fitts Histogram test correlates well with the Kiein and Armitage
task. In that task, the standard and test stimulus are presented simulta-
neously rather than successively as in the current evperimental test. This
makes generalization from that task to the current one less direct, but
little data is available otherwise. The primary difference between the
Klein and Armitage test and the matrix rotation test is that the latter
test loads more heavily on spatial short term memory than the former, which
uses simultaneous presentation of stimuli. The Kennedy et al. (1985) study
quotes the reliability of the Klein and Armitage (1979} task as 0.93. The
reliability of these twu tests, and the correlation between them and the
current experimental test, implies that the matrix rotation test will also
have moderate to high reliability.

VALIDITY

The Fitts Histogram test correlated 0.71 with the Klein and Armitage task
(1979) in the Kennedy et al. (1985) study. Previous research has shown
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that the Klein and Armitage pattern comparison test loads on spatial fac-
tors. Kennedy and his coworkers performed a factor analysis on the tests
in their battery (these results should be interpreted with cautior since
there were only 20 subjects and 11 tests). Three ot the tests had both
paper and computer versions, three had only computer versions, and two were
only administered in paper versions., Of these tests five were predomi-
nantly perceptual motor in nature, two were visual, two were spatial, and
two were spatial like. They isolated four factors., The Fitts Histograms
loaded on the same factors as the Manikin test, code substitution, and the
Klein and Armitage task. The most similar test to the current experimental
task having validity data available is the Klein and Armitage task.
Research by Kennedy et al. (1985) evaluated subject's performance on this
task in comparison with stardardized tests of intelligence. The Klein and
Armitage task correlated 0.57 with the WAIS performance scale, while cor-
relating on 0.05 with the verbal scale. This implies that the task is
unrelated to verbal ability., Within the WAIS subtests on the performance
scale, the task correlates well with the spatial tests. This pattern of
results suggests that the Klein and Armitage test is primarily a spatial
task. Since the matrix rotation task is also a dot in matrix type test, it
is likely that it also is primarily a spatially loaded task.

SENSITIVITY

Sensitivity to Intrusive Agents and Factors

No resear~ch has been completed using the current experimental task to
examine the effects of drugs, toxic agents, or environmental stressors.
Similar research, however, has been performed on tests which are likely to
load on the same spatial factors., The Manikin test has heen shown to be
sensitive to the effects associated with diving to extreme depth (e.y.,
600 meters) (Lewis and Baddeley, 1981; Logie and Baddeiey, 1983). The
Klein and Armitage (1979) test has been demonstrated to be sensitive to
cyclical variations in cerebral hemisphere arousal (kiein and Armitage,
1979). Since it is iikely that this test alsc loads heavily on some of the
same spatial facturs, 1t may be conjectured that similar deficits wouid
also occur with the present dct pattern presentation task.
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TECHNICAL DESCRIPTION

There are 100 preyenerated standard stimuli, one hundred 90 degree right
rotations, one hundred 270 degree right rotations, and 200 nonmatchiny
stimuli, The standard stimuli are generated with the constraint that at
loast onc ¢21l will be filled in each row and cslumn. Nonmatching stimuli
will be generated by the dispiacement of one cell in the matrix, under the
constraints of the generation rule stated above. Responses are made on a
two key response box, with one key labeled "same" and one key 1abeled

“different."

The stimulus presentations are self paced; the matrices stay on the screen
until the subject presses a key on the response box. Approximately 50 per-
cent of the presentations within a triai will be of identical figures.
Presentations are groused into 1 minute trials, with a 30-second rest
period between trials., Each subject will receive 20 trials.

Trial Specifications

Each presentation of a standard test pair will consist of the following
steps: (a) the standard stimulus will be presented on the screen until the
subject presses a key on the response box; (b) the test simulus will be
presented and will remain on the screen until the subject makes his same/
different judaement and presses a key; and (c¢) the next trial will begin.

DATA SPECIFICATIONS

frial and individual presentation data wili be collected. Percent errors
and average correct reaction time will be generated and recorded for each
trial., The mean, standard deviation and range for each 1 minute trial will
be recorded for the error trials and the correct responses separately. In
addition, same/different judgements and 90/270 degree trials will be broken
out as well, Time in viewing the first pattern will also be recorded.
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TRAINING REGUIREMENTS

Before the start of the training session, subjects should be read the
instructions to the task. The subjects should receiva about 20 minutes of
practice after the instructions; perfommance on the task should be
approaching asymptote by that time. Presentation during the traininy
period will be identical to the experimental trials, with the exception
that there will be feedback during the training phase.

To summarize, the training phase for this test should consist of the fol-
lowing sieps:

1. Read the instructions to the subjects.

2. Run practice trials and evaluate subjects' performance to onsure
that the instructions are being followed.

3. Repeat the practice trials if it appears that the subjects
require additional practice with the test.

4. Run the experimental trials. Note, if the tasks are being run
over several sessions on this test, one may omit the practice
trials a‘ter the first session.

INSTRUCTIONS TO SUBJECTS

This experiment will examine your ability to mentally rotate one fiyure to
compare it with another. You will see a 5 by 5 grid, with five of its
cells lighted. You should learn the pattern as quickly and as accurately
as possible, and then press either button on the response box when you are
sure you know the pattern. As scon as you press the key, a new pattern
will be presented. If the new pattern is the same as the old pattern, but
turned 90 degrees to the lefi or right, press the "same" button on the
response box, If the pattern ‘s not a 90 degree left or right rotation ot
the old pattern, press the key on the response box labeled "different.” If
you have any questions, please ask the experimenter now.
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Section 13
MANIKIN TEST (UTC-PAB TEST NO. 12)
(SPATIAL ORIENTATION ROTATION ABILTY)

PURPUSE

The purpose of the Manikin Test is to assess the subject's ability to per-
form rotations and related transformations of a mental image. This ability
is one of the three general subdivisions of spatial ability. Lohman (1979)
has called this ability spatial orientation (S0), which requires mental
movement of the self to view the test stimulus from a new perspective.

DESCRIPTION

The Manikin Test will consist of a series of 64 trials presented to the
subject. On each trial, the subject will see a human figure (the manikin)
displayed on the CRT. The figure will be in one of four orientations: (a)
faciny toward the subject; (b) faciny away from the subject; (c) right side
up; or (d) upside down. Combinations of all possible pairs of these posi-
tions yields 16 possible orientations for the manikin; a group of these
orientations is a block.

In each hand, the manikin holds a box of a different color (either red of
blue). The manikin stands on a platform that matches the color of a box in
his hand. The subject's task is to indicate the hand (right or left) which
is holding the box that matches the platform color. Responses will be
entered on a response box with two buttons, one laheled "left hand" and one
labeled "right hand." During the 64 training trials (four presentations of
each orientation) the subject will receive feedback; no feedback will be
given during the test trials.

BACKGROUND
Spatial ability is a general temm used to describe the human being's facil-

ity for dealing with visually perceived objects and percepts in the envi-
ronment. Lohman (1979) asserts that spatial atility can be broken down
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into three sepdarate skills: (a) moving or relocating the mind's eye (or
observer's point of view) to a new perspective; (b) rotation and related
transformations of mental images; and (c) complex folding and distortions
of 2 mentally imaged object. The Manikin Test seems to tap the rotational
transformational aspect of spatial ability.

Spatial transformation has been studied extensively by psychulioyists (see
Cooper and Shepard, 1978 for a review). In fact, Poltrock and Brown (1982)
report that the facility subjects exhibit with mental rotation of objects
is a good indicator of their spatial ability in general. Many military
activities require excellent spatial ability. The most notable of these is
piloting atrcraft (Egan, 1978), but many enlisted jobs require good spatial
ability as well (Carter and Biersner, 1982).

The Manikin Test used in this task appears to involve a mental rotation,
the human figure on the CRT is rotated to coincide with the sucject's own
orientation. After this rotation, the subject makes a response., 7This
pattern of events is supported by the reaction times found by Reader,
Benel, and Rahe (1981), who showed that the fastest reaction times were
recorded when the manikin was upright and faciny away from the observer.

The slowest reaction times were recorded when the manikin was upside down
and facing toward the subject. Upon closer examination, it is easy to
hypothesize why this is so, Assume that the axes of the manikin are
defined as follows: the Y axis is the heisht, the X axis the width (across
the shoulders), and the Z axis the thickness (from front to back). Since
the fastest reaction time occurred when the manikin was upright and facing
away, it is logical to use that position as the baseline and detemnine what
axial rotations would have to be executed to bring a stimulus into corre-
spondence with the orientation of the stimulus with the fastest judyge-
ment. For the upright and facing orientation, only a Y axis rotation would
be necessary. For the upside down and facing away, only a Z axis rotation
is needed., But for the upside down and facing orientation, both a Z axis
and Y axis rotation are required. A single X axis rotation could also
bring the figure into alignment, but the reaction time data are inconsist-
ent with that interpretation. If the subject was making such a rotatiorn,
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the reaction times would not differ from the other single axis rotations.
Since the reaction times do differ, the two axis rotation seems the more
parsimonious explanation,

Reaction times in a mental rotation task, such as the manikin test, are a
compusite of two distinct processes (Cooper and Shepard, 1978). The first
process is the reorientation of the test figure to match the orientation of
the standard maintained in the subject's mind's eye (in this case, upright
and facing awav). This is by far the longest of the two processes. The
second component i1s the time necessary for the actual judgement (i.e., com-
parison of the two stimuli). The amount of time required to make the com-
parison of the two stimuli is usually much less than 1 second. This time,
of course, varies in direc’ proportion with the complexity of the two
stimuli being compared.

Lohman's (1979) review of many studies from a common theoretical and
statistical standpoint analyzed spatial transformation, as was stated
above, into three distinct abilities. The first, called visualization
(vz), is the type of mental transformation usually thought of when the term
mental rotation is mentioned. Vz strategies involve the rotation of the
object, while the mind's eye remains stationary. The second type of trans-
formation is called spatial orientation (S0), which involves relocation of
the mind's eye to a new observation position about the stationary stimulus
figure or object. This is the type of mental transfonnation most likely
required for the Manikin Test. The third general type of spatial trans-
formation is spatial relations (SR). This factor can be best thought of as
the ability to perform any type of spatial transformation quickly. Another
subsidiary factor identified in Lohman's extensive reanalysis of the corre-
lational literature was cailed the Kinesthetic factor (K). This is the
ability to make left/right judgements, an ability which is likely to play
an wmportant roie in Manikin Test performance.

The Manikin Test has several characteristics which make it valuable as »
testing device. Primarily, it is easily learned, since there are only 16
different stimulus orientations. Thus, the subject knows that the stimulus
will appear in only one of those orientations on any given trial., This is
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different from other tests of spatial ability, which often have a much
larger (and in many cases an infinmitely large) set of stimuli. The smal!l
stimulus set makes it much easier for the subject to focus on the important
feature of the stimulus (i.e., the hand holding the box which matches the
base).

The second feature of the Manikin Test which makes it experimentally
attractive is the fact that, because it 15 so simple, it takes very little
time to administer a large number of presentations. Readar, Benel, and
Rahe {1981) administered more than 350 presentations per subject in a
25-minute session, Carter and Woldstad (1985) gave each of their subjects
10 blocks of 80 triale each per day. The Manikin Test was administered as
part of a test battery; other tests were given in conjunction with the
Manikin,

Finally, the Manikin Test is considered to be more interesting than other
tests of spatial transformation, since it involves a human fiyure. Many
tests involve either line drawings of simple or abstract formms, or concrete
representations of common objects or views from vehicies., human beinys are
intimately familiar with the human fonn and its configuration; it is
assumed that people are more adept at manipulation of such a highly famil-
iar object.

REL IABILITY

The Manikin Test has been in use since the early 1960's (Benson and Gedye,
1963), and thus, has been the object of several reliability evaluations.
Reader, Benel, and Rahe (1981) examined the suitability of the Manikin Test
for repeated use on the same subject, Their study, using 18 subjects of

3 different aye groups and 3 different occupations, found no significant
effects for any of these factors over the course of 15 25-minute ses-
sions, In addition, they found no effect for three different types ot
training schedules.

As a measure of reliability and score stability, the experimenters cal-
culated Pearson product moment correlation coefficients for all pairwise
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session mean reaction times, The lowest correlation was .56, but the esti-
mate of common (average) correlation was .84. As a subsidiary measure,
each subject was asked to make subjective performmnance and worklioad ratings
using a simple questionnaire after each session. These ratinygs did not
correlate highly with the reaction tiwes during the session (-.337 and .028
respectively). Each subject was allowed 10 sessions Lo acquire plateau
performance, which was defined as not deviating t+ 5 percent from the mean
reaction time of the previous two sessions. Plateau performanze was
reached in an average of 6 sessions (approximately 2300 trials),

Carter and Woldstad (19A5) performed a more indepth study of the suitabil-
ity of the Manikin test for repeated measures, focusing cn the validity of
using accuracy scores or latency scores as the primary measure for the
test. The 20 subjects in this study received 10 blocks of 80 trials per
day, over 10 consecutive work days. This represents a 38 percent increase
in the number of trials over the Reader et al. (1981) study. Carter and
Woldstad's results support the results of the earlier study, wich the
exception that lcy latency scores were determined to be better than raw
latency data. The log latency scores seem to measure spatial transfor-
mation (r = ,38); the accuracy scores do not (r = .15). Thus, log latency
scores seem to be the best measure of Manikin Test performance.

Resuits from the two studies summarized above seem to indicate that the
Manikin Test is a useful and accurate test of spatial transformation. It
should be notad that the two studies differed in some ways; Reader et al.
(1981) used different shapes in the sailor's hands as discriminanda, while
Carter and Woldstad (1985) used ditferent colors. The generalized
abilities between the two different types of stimuli are not known. The
definitive test of reliability and suitability for this test is the Carter
and wWoldstad effort; the UTC-PAB version shares more methodological simi-
larity with this experiment than with the Reader et al. (1981) version,
Further work needs to be performed to determine: (a) if there is a dif-
ference between colors and shapes as discriminanda, and (b) whether the
performance plateau is the same betwcen the two discriminanda.
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VALIDITY

Evaluations of performance on the Manikir Test versus varicus marker tests
indicate that the test appears to measure spatial transformation (Carter
and Woldstad, 1985). Correlations on the three marker tests in the study
(card rotations, Spatial Apperception Test, Number Comparison) ranged from
-+38 to -.49, which was significant at the .05 level. Spatial transforma-
tion plays an important role in both the spatial orientation and rotational
ability constructs of the subject.

SENSITIVITY

The Manikin Test may be sensitive to some environmental stressors, although
the effects of drugs or toxins on Manikin Test performance has not been
studied.

The Manikin Test has been applied to several situations involving environ-
mental stress. Lewis and Baddeley (1981) examined the cognitive per form-
ance of divers during simulated saturation dives to depths ranging from 300
to 540 meters of seawater. Their results indicated that there were more
trials completed on the surface and during decompression than at depth.

The differences were small, however, and there were only two divers on each
dive. in a related study, Logie and Baddeley (1983) examined cognitive
performance decrements during saturation diving with Trimix (helium, oxy-
yen, and nitrogen). Performance on the Manikin Test was relatively
unimpaired except at the final depth of 660 meters.

The manikin test has also been applied to the study of acceleration stress
on cognitive performance, Licsher and Glaister (1978) studied the etfects
of +65 acceleration (the resultant force vector is from head-to-foot) on
per formance of the manikin test. Lisher and Glaister varied acceleration
stress trom 1 to 10 +6, in addition to using three different seat back
angles (17, 52, and 67 degrees). Performance on the manikin test was not
affected by +6, acceleration up to and including +6 Gz.
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It should be noted that the measure used on the zhove version of the Mani-
kin Test was number correct (i.e., accuracy), which Carter and Woldstad
(1985) have shown to be undesirable. In similar saturation divinyg studies
(0'Reilly, 1977), no significant decrements in spatial orientation ability
were found. Thus, it appears that the effect of environmental stressors on
Manikin Test performance must, for the time being, remair in question.

TECHNICAL DESCRIPTION

A human facsimile figure will be presented on the CRT, standing with feet
apart, arms upraised, and palms up. At the bottom of the screen will be a
platform; the ratio of side to base will be approximately 1:4. In each
hand, the figure will hold a box, either red or blue. The color of the
base will match the color of one of the hoxes. The figure will have
clearly defined facial features, as well as other detail (clothing detail,
et cetera) to insure that it is easy for the subject to judge the figure's
position. The figure may appear in one of four orientations of the plat-
form: (a) standing upright and facing toward the subject; (b) standing
upright and facing away from the subject; (c) standing upside down and fac-
ing the subject; and (d) standing upside down and facing away from the

subject.

The figure will remain on the screen for 2 seconds or until the subject
makes a response on the response box. There will be two switches on the
box, one labeled "left hand," and cne labeled "right hand."” The stimulus
will not be drawn line-by-line on the screen, rather, it will be presented
in completed form,

Since there are 16 discrete orientations of the figure, stimuli will be
presented in blocks of 16 trials, The test will consist of 6 such blocks,
for 2 total of 96 trials, Data from Reader et al. (1981) indicate that the
test, in this form, will take approximately 4 minutes. Each figure will be
presented for 2 seconds, with an interstimulus interval of 1 second.
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Trial Specifications

Each trial will consist of the following steps: (a) the figure will be
presented in the center of the screen for 2 seconds; (b) at the end ot

2 seconds, or as soon as the subject makes a response, the figure will dis-
appear; (c) during training trials, feedback will be presented; (d) the
screen will blank for 1 second; and (e) the next trial will be presented.

DATA SPECIFICATIONS

Response latency will be recorded for each trial. In addition, the sub-
ject's response, the correct answer, and the orientation of the figure will
be recorded for each trial. The summary statistics will include mean and
median response times, their range and variance, and the total number of
correct responses. Trial by trial data will also be available for each

subject.
TRAINING REQUIREMENTS

Before the start of the training trials, subjects should be read the
instructions., After hearing the instructions, each subject should receive
four blocks (64 trials) of practice, The practice trials, unlike the test
trials, will have feedback after each presentation.

To summarize, the ti:aining phase for this test should consist of the fol-
lTowing steps:

1. Read the instructions to the subjects.

2. Run practice trials and evaluate subjects' performance to ensure
that the instructions are being followad.

3. Repeat the practice trials if it appears that the subjects
require additional practice with the test.
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4., Run the experimental trials, Note, if the tasks are being run
over several sessions on this test, one may omit the practice
trials after the first session.

The instructor must be aware of the subject's progress during the practice
trials, since the instructions stress speed and accuracy. Additional prac-
tice trials may be presented if the experimenter feels the subject is hav-
ing difficulty with the task or does not understand the instructions,

INSTRUCTIONS TO SUBJECTS

This test examines your spatial ability. The computer will present you
with a saiior holding a box in each hand. He will be on another box., The
color of the bhox he is on will match the color of a box that he is hold-
ing. The sailor may be facing toward you, away from you, standing up, or
standing on his head. Your task is to indicate, by pressing the appro-
priate button, which hand he is holding the matching box in. You will have
only 2 seconds to decide, so you must work as quickly and as accurately as
you can, Jf you have any questions, please ask the experimenter now.
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Sectian 14
PATTERN COMPARISON (SIMULTANEOUS) (UTC-PAB TEST NO. 13)
(PERCEPTUAL SPEED PATTERN COMPARISON)

PURPOSE

The primary purpose of this self paced pattern comparison test is to assess
the subject's perceptual speed. Perceptual speed is one aspect of generai
spatial ability. The test provides information about the subject's ability
to make simultaneous judgements about the similarity of two patterns.

DESCRIPTION

Administration of the test will consist of 60 trials presented to the sub-
Ject. On each trial, the subject wiil see two patterns of eight dots, side
by side on the CRT screen. The pattern on the left is the standard; the
subject's task is to determine if the pattern on the right is identical to
the standard. Responses, entered on a response box, teminate the trial.
If no response is made before the end of a 15-second deadline period, the
trial is temminated automatically. Speed and accuracy feedback will be
given to the subjects during the 10 training trials. No feedback will be
given during the test trials.

BACKGROUND

Pattern perception using figures compesed of dots has been studied exten-
sively over the past two decades, One of the most pervasive results of
these dot pattern perception studies is that of goodness of pattern. Good-
ness of pattern is essentially a reflection of the symmetry of the pat-
tern. The effect has been demonstrated in paired associate learniny
(Clement, 1967; Glanzer, Taub, and Murphy, 1976), immediate memory
(Attneave, 1955; Home, 198C; Schnore and Partington, 1967), and recoygnition
and memory search (Checkosky and Whitlock, 1973). The symmetry of the pat-
terns used is important since, according to Howe and Brandau (1983), sym-
metry is processed before form, Symmetry can take several forms. The
first type is called repetition. Repetitions are exact duplicates of a
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pattern on both sides of the figure's vertical axis (Figure 12a). A
reflection is a pattern of dots on one side of the vertical axis and the
pattern's mirror image on the other side (Figure 12b). In addition to
these types of symmetry, there are various orders of symmetry., The sim-
plest are first order symmetries, with a single manipulation of the dot
pattern (Figures 12¢ and 12e). The second order symmetries have four
manipulations of the dot pattern (Figures 12d and 12f). Thus, if one
recognizes that a twelve dot pattern is bilaterally symmetric, the posi-
tions of only six dots need be memorized. The positions of the remaining
six are given, If the pattern's symmetry is of an even higher order, fewer
dot positions will have to be remambered (for example, the subject would
need to learn only three dot positions to be able to reproduce the second
order patterns in Figure 12, once the symmetry had been noted).

This UTC-PAB test involves simultaneous comparison of stimuli. The presen-
tation of figures with symmetry would bias the same/different judgement
reaction times negatively. Thus, the most effective course would be to ;
exclude from the possible figures either all symmetric or all asymmetric
patterns. The former case is probably the easiest to implement, since
there are fewar symmetrical than asymmetrical patterns.

The bias created by symmetries would be fairly easy to test for, given cer-
tain guidelines. It should be noted that there are about 1800 dot patterns
possible if the 4 by 4 grid is divided into seperate quadrants (i.e., four
different 2 by 2 grids). This number represents the total number of dot
patterns in a 2 by 2 matrix (0 to 4 dots, vielding 16 patterns) in all pos-
sible combinations of four 2 by 2 matrices. Of these possible 1800 4 by 4
dot matrices, only about 400 have eight dots, the number required for this
experimental configurat.on. The 400 patterns are created from the total
possible without replacement, (a given 2 by 2 matrix can only occur once
within any specific 4 by 4 matrix). In addition, rearrangements of 2 by 2
matrices do not repeat either (i.e., if one possibie pattern is ABCD, the
pattern CBDA is not valid since it is merely a repetition of the first).
Since the smaller matrices do not repeat, the possibility of apparently
symmetrical patterns is yreatly lessened. In addition, the 400 standard
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Figure 12, Examples of Symmetry
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0 patterns make it possible to generate the "different" stimuli in a standard

'?? fashion as well, Since the stimuli can be the same across subjects, the

:‘ ability to generalize will be enhanced, This enhancea yeneralized ability
,fii would not be present in an experiment with stimuli created randomly for

. each subject,

The choice of a 4 by 4 grid for this test is guided by the work of Phillips

‘ %: (1974). His study looked at short term visual memory in a same/different

‘A; judgement task using 16, 36, and 64 element matrices. In the task, the
k: subjects were required to decide if two patterns were the same; patterns
: were made different by removing a single dot from the matrix, Note that
g this is quite similar to the displacement of a dot in the current experi-
i mental paradigm. In addition, varying delays were introduced between the

g offset of the standard stimulus and the onset of the test stimulus. The
patterns were often quite complex, since a matrix cell had a 50 percent

N chance of being filled, Philips' rasults suggested that for the 4 by 4
N cell matrices, there was some decline in performance over the first

N

" 600 msec of the deiay period, though the subjects performance stabilized

over the longest delay used (9 seconds). The smallest grid also showed

Eﬁ strong resistance to masking and stimulus movement. On the contrary, the
%ﬁ larger grids proved to be highly susceptible to both movement and masking
iy of any kind, The isomorphism between the smallest grid size and the grid
- in this study, and the general experimental paradigm, make it safe to
'is assume that the UTC-PAB version will be both easily implemented for
JJV administration and easily iearned and performed by the subjects.
i Klein and Armitage (1979) used same/different judgements of dot patterns in
g: a study of cyclical variations in cognitive style, 1n their study, sub-
fa Jjects were shown a dot pattern on the screen for a short duration, which
! was then removed from view., A second pattern was then presented, and the
o subject was requirad to decide whether the second pattern was the same as
% the first. It is difficult to surmise exactly how their task compared to
gg the current one, since the brief format of the article left little room for
e details concerning stimulus construction. However, the nature of their
e study and their results imply that the test did, in fact, measure some |
ég facet of spatial abil’ty, Specifically, they were attempting to find ‘
é |
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regular variations in hemispheric activation. To find these variations,
they administered a left hemisphere task (a semantic judgement task) and a
right hemisphere task (the dot pattern task) at regular, short intervals
throughout the day. Their analysis concentrated on changes in the perfcrm-
ance of the tasks as a function of time of day. Their results implied that
there was a cyclical (and nearly sinusoidal) variation in test performance
on both tasks. Moreover, the cycles on the two tests were 180 degrees out
of phase with each other, strongly suggesting that there is a iegular and
periodic change in hemispheric activation., The fact that the dot pattern
test was different from the verbal task, thus, implies that the Klein and
Armitage task does assess some aspect of spatial ahility.

One major difference between these other uses of same/differeni judgements
of dot patterns and the current experimental paradigm is the relative speed
allotted to the subject for their respunse. In the Klein and Armitage
(1979) task, the subjects were told to complete as many test items as pos-
sible in the available time. In Phillips' (1974) study, the time to
respond was measured, but was rclatively open ended. In the current task,
however, the subjects must make their judgement in a very short, fixed time
interval,

In Lohman's (1979) reanalysis of the correlational literature, the factor
of response speed (in the sense of the time window within which the subject
must respond) played an important role, He found that, given the same
test, introduction of time constraints to & test drastically changyed the
spatial factor being measured by the test, Only three general spatial fac-
tors (or abilities) emerged from the review. The highezt level factor is
called visualization (Vz). It appears in tasks requiring the mental reori-
entation of a highly complex form or object, Vz tasks can usually be
recognized by relatively slow responses. The second factor is spatial
orientation (S0)., Tests assessing this factor involve the ability to
imagine how a stimulus will appear from a different perspective, This type
of task involves a mental reorientation of one's self, rather than the
object in the problem, The final spatial factor is called spatial rela-
tions (SR). These types of tests are the most highly speeded of the
spatial ability tasks. Again, mental rotation seems to be the common

168




element, but the primary factor seems to be the ability to solve spatial
problems quickly, by whatever means.

The various facets of spatial ability can te arranged in a hierarchy. Une
of the most useful graphic representations was presented in Figure 10. The
factors can be characterized along two dimensions: speed/power and sim-
plicity/complexity. The more powerful an ability, the higher its position
in tha factor hierarchy. However, a higher position in the hierarchy also
guarantees slower performance, since the tasks are more complex. There are
four other spatial factors at the bottom of the hierarchy which have not
been discussed up to this point, but deserve mention: Closure speed (Cs),
the speed of matching incamplete or distorted stimuli with representations
in long tenrn memory; Kinesthetic (K), the speed of making left/right deci-
sions; Visual memory (M), the ability to maintain stimuli in short term
memory; and Perceptual speed (Ps), the speed of matching stimuli. The
reader will note that all of these factors might play a part in the test
under consideration here. The primary loading for this test, however,
would probably be on the Cs and Ps factors. These two factors are exactly
the constructs that this test was chosen to measure, Note that these fac-
tors are all at the lowest level of Lohman's hierarchy; this implies that
the test might have many tactors in common with all of the higher level
spatial ability constructs (most notably Vz and SO).

RELIABILITY

Kennedy et al. (1985) in their evaluation of a number of tests for a port-
able microcomputer repeated measures testing system, quote the reliability
of the Klein and Armitage (1979) task as .93, That task is the same as the
current one, in that presentation is simultaneous rather than successive,
so the two tasks are similar enough that some conjecture may be drawn as to
the reliability of the test.

VALIDITY

The Pattern Comparison task used by Klein and Armitage (1979) is similar to
the current experimental task. Research by Kennedy et al. (1985) has
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evaluated performance on this task in comparison to perfonnanca on
standardized tests of intelligence. The Klein and Armitage task had a
correlation of .57 with the performance scale of the Wechsler Adult
Intelligence Scale (WAIS); the correlation with the verbal scale of the.
same test was only .05, This implies that the current experimental task is
not a verbal one.

Within the performance subtests, the pattern comparison task correlated
most highly with the Digit Symbol Substitution test (.71), followed by the
Block Design test (.59), Picture Arrangement (.29), and Object Assembly
(+27). A1l of these tests involve visuai scanning of a standard and mental
and physical manipulation of various component parts tu construct a dupli-
cate of the standard. These tests are all spatial in nature, and the cor-
relations they show with the Pattern Comparison task suggest that it, too,
is a spatial task.

SENSITIVITY

There is littie available data on the effects of drugs, toxic agents, or
environmental stressors on the specific test addressed in this manuai.
However, there are some indications of effects on other tests which load on
some of the same spatial factors. The Manikin Test has been shown to load
on the spatial transformation factor (most probabl!y SO) (Carter and
Woldstad, 1985); performence on that test shows a severe decrement when it
is administered to divers at extreme depth {Lewis and Baddeley, 1981; Logie
and Baddeley, 1983). Since it is likely that the present test also loads
heavily on some spatial factors, it may be assumed that such a deficit
would also occur under the same environmental stress for this dot pattern

presentation task.
TECHNICAL DESCRIPTICN
The patterns will be generated in a random fashion on a 4 by 4 grid. After

the pattern is yenerated, a test for repeated and reflected figures will be
conducted. Any such figures will be discarded. After the first pattern
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has been generated, a random detennination ot ehether to plot the same or &
different pattera 15 made.

Once both patterns have been generated, they will be displayod on a light
biue background. Each pattern will be enclosed in a box with a dark blue

border, the dots will be white,

The only valid keys will be the two marked "same" and "different" on the
response hbox. Depressing any other key will have no etfect. Key presses
will not be echoed to the screen.

Triai Specifications

Trials will proceed in the following fashion: (a) a pair of patterns will
be presented on the screen; (b) the subject oresses the key labeled "same"
or "different" according to his judyement before the time 1imit elapscs;
(c) the screen will clear for 500 msec; (d) during practice trials, after
an incorrect response, the screen will display the correct response for

5 seconds at which time the same trial will be repeated; (e) a new trial
will be presented.

DATA SPECIFICATIONS

The program will generate and record two dependent measures for each trial:
(a) RT: The reaction time of the subject's same/different juigement, meas-
ured from the initial presentation of the two patterns. (b) Response

Code: The response code indicates the response made (e.g., correct, incor-
rect, or teminated by the deadline). In addition, trial type (e.g., same
or different) will be recorded for each trial,

Summary statistics will be provided for the same trials, different trials,
and overall trials. Statistics will include the mean and median response
latency, the range and the variance of the latencies, and the total number
of correct trials. Data may be examined on a trial by trial basis, with
each trial's response latency, respons. accuracy, and trial type




displayed. Hardcepy ot the ¢rial by trial and summary statistics will be
aveilable.

TRAINING REQUIREMENTS

Initially, subjects should be given the instructions tnat follow. After
the instructions, the subjects should be presented with at least 10 prac-
tice trials. Presentation during the practice trials wili be identical to
the test trials. However, during practice, the subject will be given
feedback after each incorrest trial. After Che feedback, the same trial
will be repeated.

The test administrator should be acutely aware of the subject's pertonmmance
during the practice session., It is important to be sure that the subject
is following the instructions; they should be responding as quickly and as
accurately as possible,

To summarize, the training phase for this test should consist of the
following steps:

1. Read instructions to the subjects,

2. Run practice trials and evaluate subjects' performance to ensure that
the instructions are being followed.

3. Repeat the practice trials if it appears that the subjects require
additional practice with the test.

4. Run the experimental trials. Note, if the tasks are being run over
several sessions on this test, one may omit the practice trials after
the first session,

INSTRUCTIONS TO SUBJECTS

This test examines your ability to compare two patterns simuitaneously.
The computer will present two patterns of dots to you, side by side on the
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screen. You must decide, as cuickly and accurately as possible, if the two
patterns are the same. You wiil indicate your answer by pressing the but-
ton labeled "same" on the response box in front of you it the patterns on
the screen are identical, or "different" if the patterns are differant.
Once you press a button, the patterns will disappear, sn it is important
that you know your answer before ynu press either button. If you do not
answer in 15 seconds, the patterns will disappear and new ones will be
displayed.
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Section 15
PATTERN COMPARISON (SUCCESSIVE) (UTC-PAB TEST NO. 14)
(PERCEPTUAL SPEED SHORT TERM SPATIAL MEMORY)

PURPOSE

The primary purpose of this task is to examine the subject's short term

spatial memory and perceptual speed. The test is diagnostic of spatial

memory, since the subject must maintain the standard in memory while the
comparison with the test pattern is beiny made.

DESCRIPTION

The test will be administered as a series of 60 trials presented to the
subject., Each trial will proceed in the following fashion: The standard
pattern will be presented for 1.5 seconds. At the end of that period, the
screen will clear for 3.5 seconds, at which time the second {or test) pat-
tern will be presented. The test pattern will remain on the display until
the deadline period expires (15 seconds) or the subject makes a response.
The subject's task is to determine whether the two dot patterns are the
same or different.

During the training phase, the subject will respond to 10 trials. Response
speed and accuracy feedback will be provided to the subject after each of
the training triais. Feedback will not be presented during the test

trials,

BACKGROUND

Over the years, an extensive body of research into spatial perception has
developed. For the most part, study of the various abilities man has
evolved to manipulate spatial information has been examined in isclation,
with the individual researcher evaluating a specific abiiitv within a spe-
cific theoretical framework. Various hiuvrarchies and heterarchies of spa-
tial ability have been developed, but Tor the most part the resultant
frameworks have been little more than weakly supported hypotheses. Then,

174

P

R 5 M Ay e\ A TR, €Y T R W Y AR R L A M — A S A 1t A8 o D . e oA A SN L1 R L AR K R L4 4R et Lk e 4 s s




in the early years of the twentieth century, researchers began using factor
analytic techniques. This correlational analyses allowed the researcher to
compare many tests at a time anrd, in addition, determine how closely vari-
ous subsets of a test battery were interrelated. When these statistical
metheds were applied to tests purported to measure spatial ability, it was
found that certain types of tests clustered together (which is to say they
seemed to measure the same factor) while others were separated from the
cluster (or measured different abilities). These analyses implied that
spatial ability could be characterized by several difterent skills.

By the mid 1970s, a great deal of factor analytic work had been performed,
much of it with the intent of delineating the extent and nature of spatial
ability. This body of research, however, was diminished in usefulness by
the constant plaguc of the researcher: different procedures, different
measures, different numbers of subjects, different program intents, and
different theoretical frameworks. Comparison and 2valuation of different
studies were and are quite difficult., Lokman (1979) attempted to clear up
some of the difficulties through a two step process: (a) analyze the data
from the studies using the.same procedure throughout; and (b) interpret the
results from a common theoretical perspective. Lohman's results were both
interesting and valuable. Only three general spatial factors (or abili-
ties) emerged from this review. The highest level factor is calied visu-
alization (Vz). It appears in tasks requiring the mental reorientation of
a highly complex form or object. Vz tasks can usuallv be recognized by the
reiatively slow nature of their performance. The second factor is spatial
orientation (S0). Tests assessing this factor involve the ability to imag-
ine how a stimulus will appear from a different perspective. This type of
task involves a mental reorientation of one's self, rather than the object
in the problem. The Manikin Test (see UTC-PAB Test Nn. 12} probably falls
intc the category of an SO test. The final spatial factor is called spa-
tial relactions (SR). This factor can be thought of as the ability to per-
form any type of spatial transformation quickly. Again, mental rotation
seems to be the common element, but primarily the factor seems to represent
the ability to solve spatial problems quickly by whatever means.
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Within these three general types of spatial abilities are two types of spa-
tial transformation: mental movement and mental construction. Mental
movement can be thought of as rotation, translation, folding, movement of,
or movement around a mental image of a stimulus, Mental construction
involves either the physical assembly of a stimulus from a mental repre-
sentation (for example, by drawing or building a facsimile of the stim-
ulus), or mental comtination (mentally joining toyether separate images to
form a larger, more complex image). This UTC-PAB test most likely loads on
the mental movement aspect of spatial transformation.

The various facets of spatial ability can be arranged in a hierarchy. One
of the most useful graphic representations was presented in Figure 10. The
factors can be characterized along two dimensions: speed/power and sim-
plicity/complexity. The more powerful an ability the higher its position
in the factor hierarchy. However, a higher position in the hierarchy also
guarantees slcwer performance, since the tasks are more complex. There are
four other spatial factors at the bottom of the hierarchy which have not
been discussed, but deserve mention: Closure speed (Cs), the speed of
matching incomplete or distorted stimuli with representations in long term
memory; Kinesthetic (K), the speed of making left/right decisions; Visual
memory (M), the ability to maintain stimuli is short term memory; and Per-
ceptual speed (Ps), the speed of matching stimuli., The reader wili note
that all of these factors might play a part in the test under consideration
here.

Contrary to the views of other researchers, Lohman asserts that: "Mental
rotation, while an interesting and special type of mental transformation,
is not the most important determinant of spatial ability. Rather, the cru-
cial components of spatial thinking may be the ability to genzrate a mental
image, perform various transformatiors on it, and renember the changes in
the image as the transformations are made. This ability to update the
image may imply resistance to interference, both internally and externally
generated. Further, it implies that one of the crucial features of indi-
vidual differences in spatial ability may lie not in tne vividness of the
image, but in the control the imager can exercise over the image" (1979,
page 116).
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Currently, one of the major problems in spatial perception research is the
fact that little control is exercised over the subject's choice of problem
solving strategies, With a small number of subjects, it is not difficulx
to evaluate each response to insure that the desired strategy is beiny used
(i.e., for a Vz task, reorienting the imaginary object rather than the
self). However, this problem becomes much greater as the number of sub-
jects increase. With tests such as those in the UTC-PAB, it is safe to
assune that the tests will be administered to a large number of subjects
(more than 100); thus, it is important to consider the disparities induced
in the data by the use of different strategies. Research has shown that
more often than not, subjects use different strategies to solve the same
test. Within a test, the number of distinct strategies will increase as
item diificulty and complexity increase. There will be a concomitant
decrease in response speed as complexity increases. However, even on the
most simple speed tests, subjects still can be relied upon to use different
strategies. Tests which the researcher intends to be solved using one
strategy are often solved using another. For example, early researchers
had great difficulty seperating Yz and SO tests. It was not until they
realized that SO tests were often solved using Vz strategies that the dif-
ferentiation became more reliable. And finally, mental manipulation is
often discarded in favor of more analytic methods as complexity and dif-
ficulty increase (i.e., the subjects count angles or note distictive fea-
tures instead of using mental transformation to solve the problem).

It is obvious that various spatial abilities (probably three) are present
and available to the subject. However, caution must be used in any test of
spatial ability. Tests are solved in different ways by dif/erent sub-
Jects, Their solution strategies change as a function of myriad factors,
including practice and item difficulty. Further, most factors represent
individual differences in speed of solving particular types of problems,
not general problem solving skills or abilities. Finally, the process of
adapting a test to an experimental task may drastically ai.er the nature of
the test. An experimental task will rarely tap exactly the same mentai

processes as the source test,
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The UTC-PAB test involves same/different judgements based on the successive
presentation of two eight dot patterns. The patterns are similar to those
used by other researchers, including Ichikawa (1981), Klein and Armitage
(1979), and Phillips (1974). The differences are worth noting however,
Ichikawa was studying ease of dot pattern memorization., He used eight dot
patterns in a 4 by 4 matrix, and seven dot patterns in a 3 by 5 matrix.
Through the use of a complicated metric, various types and levels of sym-
metry for each dot pattern were computed. These values were then applied
(through multiple reyression) to the results of a subjective ratinyg of each
pattern on a nine point ease of memorization scale. The results were une-
quivocal: patterns which were rated as easy to memorize had much higher
levels of symmetry than patterns which were rated as difficult to memo-
rize. Implications for this study include possible differential responses
based on the perceived symmetry of a given pattern. Thus, it may be desir-
able to at least attempt to control for some of the more common types of

symmet ry.

Klein and Armitage (1979) used seven dot patterns in a simultaneous pattern
comparison task. It is unclear in what size matrix the dot pattern was
embedded. Their study was intended to evaluate performance differences as
a function of biological rhythms. These rhythms involved an alternation in
the relative efficiency or activation of the two cerebral hemispheres.
Klein and Amitage reasoned that, since the two hemispheres reflect dif-
ferent cognitive functions, frequent administration of two tests targeted
for each hemisphere should demonstrate cyclical changes in performance.
Their study showed just such a cycle, on the order of 90 minutes in length.

Phillips (1974) evaluated sensory storage and short term visual memory. He
used three different sized matrices, four, six, or eight celis on a side,
The density of dots was higher than in the other studies mentioned; the
probability of a cell being fil'led was 0.5, He found that the 4 by 4
matrices had fairly long viaole storage times (at least 9 seconds), losing
no efficiency over the first 600 msec. In addition, the patterns tended to
be quite resistant to masking or deficits induced bv moving or shifting the
pattern. In contrast, the larger matrices seemed to be stcred in the sens-
ory store and were markedly affected by movement, masking, and storage
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time. Storage time seemed to be limited to about 100 msec. Thus, it
appears that the choice of a 4 by 4 yrid for the current study is the most
viable one, based on the successive comparison paradigm.

Bridgeman and Mayer (1983) found that performance was at a chance level
when subjects were required to shift fixation from one dot pattern position
to another when trying to locate a single missing dot. Their patterns con-
sisted of 12 dots in a 5 by 5 matrix and, for the two separations they used
(4 and 2.25 degrees) performance was uniformly poor. Implications for the
UTC-PAB version suggest that an overlay of the second stimulus over the
first may be the optimal presentation methodology.

RELIABILITY

Kennedy, Wilkes, Lane, and Hanick (1985) in their evaluation of a number of
tests for a portable microcomputer repeated measures testing system quoted
the reliability of the Klein and Armitage (1979, task as .93. That task
differs from the current cne in that presentation is simultaneous rather
than successive, but the two tasks are similar enough that some conjecture
may be drawn as to the reliability of the test successive presentations.

VALIDITY

The Pattern Comparison task used by Klein and Armitage {1979) is similar to
the current experimental task. Research by Kennedy, Dunlap, Jones, Lane,
and Wilkes (1985) has evaluated performance on this task in comparison to
performance on standardized tests of inrtelligence. The Klein and Armitage
task had a correlation of .57 with trte performance scale of the Wechsler
Adult Intelligerice Scale (WAIS); the correlation with the verbal scale of
the same test was only .05, This ‘mplies that the current experimental
task is not a verbal one.

Within the performance subtests, the pattern comparison task cerrelated
most highly with the Digit Symhol Substitution test (.71), followed by the
Block Design test (.59), Picture Arrangement (.29), and Object Assembly
(.27). Al of these tests involve visual scanning of a standard, and
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mental and physical manipulation of various component parts to construct a
dupTicate of the standard. These tests are all spatial in nature, and the
positive correlations they show with the Pattern Comparison task sujygyest
that it, too, is a spatial task.

SENSITIVITY

There is little available data on the effects of drugs, toxic agents, or
environment al stressors on the specific test addressed in this manval.
However, there are some indications of effects on other tests which load on
some of the same spatial factors. The Manikin Test has been shown to load
on the spatial transformation factor (most probably $0) (Carter and
Woldstad, 1985); performance on that test shows a severe decrement when it
is administered to divers at extreme depth (Lewis and Baddeley, 198); Logie
and Baddeley, 1983). Since it is likely that this test also loads heavily
on some spatial factors, it may be predicted that such a deficit would also
occur under the sane environmental stress.

TECHNICAL DESCRIPTION

The eight dot patterns used in the study will be generated on a 4 by 4
grid. After the first pattern is generated, a test foy repeated and
reflected patterns will be carried out, and any such figures found will be
discarded prior to display. After generation, a random determination to
display the same figure or a different one will be made. If the tigure is
to be different, three dots will be displaced in the original, using the
noticeable difference algorithm developed by Irons (1984). This will
become the figure labeled "different."

At this time, the standard pattern will be presented on the screen, cen-
tered on a light blue background, and enclosed within a dark blue box. The
standard will be presented for 1.5 seconds., At the end cf this period, the
screen will blank for 3.5 seconds, at which time the test stimulus will be
presented. The presentation of the test stimulus will last 15 seconds.
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Only two keys (on the response box) will be valid; they will be labeled
“same" and "different." Pressing any other key will have no effect. The

computer keyobvard keys will be ignored.

Trial _Specifications

Each trial wiil take place in the following sequence: (&) a pattern will
appear, centered on the screen, for 1.5 seconds; (b) the screen will clear
for 3.5 seconds; (c) the test pattern will appear for 15 seconds, or until
the subject enters a same/different judgement response; (d) during practice
trials, feedback wil! be provided to the subject for 5 seconds; (e) the
screen will clear and the next trial will begin.

DATA SPECIFICATIONS

The program will generate two measures for each trial: (a) RT: Reaction
time of the subject's same/different judgement, measured from the initial
presentation of the test stimulus. (b) Response Code: The classification
of the subject's response (e.g., incorrect, correct, or terminated by the
deadline).

In addition, trial type (same or different) will be recorded for each

trial,

Summary statistics which will be computed will include total elapsed time
for the task, number and percent correct, and number of trials temminated
by the deadline. Reaction time means and standard deviations will be
computed for each trial, broken out by all trials, correct trials, and
incorrect triais., Trials temminated by the deadline will not be included
in any calculations.

TRAINING REQUIREMENTS
Before beginning the experimental run, subjects should be read the instruc-

tions. After hearing the instructions, the subjects should be given at
least 10 practice trials. Presentation during the practice trials will be
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identical to the expzrimental trials, with the axception that the subject
will receive feedback only duriny the training trials. Feedb~ck will be
given only after an incorrect response during the training; the missed
trial will be repeated.

The person administering the test should closely monitor the subject's
performance during the course of the training. The experimenter should be
sure that the subje:t understands both the instructions and the task, and
is performing at an acceptable level. The instructions stress fast and
accurate response; the subject's perfonmance should not sacrifice one
aspect for the other.

To summarize, the training phase for this test should consist of the
following steps:

1. Read instructions to tne subjects.

2. Run practice trials and evaluate subjects' performance to ensure that
the instructions are being followed.

3. Repeat the practice trials if it appears that the subjects' require

additional practice with the test.

4. Run the experimental trials. Note, if the tasks are being run over
several sessions on this test, one may omit the practice trials after
the first session.

INSTRUCTIONS TO SUBJECTS

This test examines your ability to compare two patterns, presented one
after the other. Tre computer will present two patterns of dots to you.
You should try hard to remember the first pattern. After a short time on
the screen, it will be erased, and a second pattern will be displayed. You
must decide if the second pattern is the same as or different from the
first. If you think the second pattern is different frum the first, press
the key on the response box 'abeled "DIFFERENT." If you think the two
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patterns are the same, press the key labeled “SAME." It is very important
to give your answer as quickly as you can without making mistakes. As soon
as you give your answer, the scieen will clear again and a new pair of pat-
terns will be presented. Before we begin, you will be given some practice
runs. The experimenter will tell you when the test begins. If you have
any questions, please ask the experimenter now.

183




WY WY WYY W W W R TR W W T W W W SR TR WYL W -

Section 16
VISUAL. SCANNING TASK (UTC-PAB TEST NO. 15)
(PERCEPTUAL SPEED)

PURPOSE

This task is a modification of Neisser's (1963) letter search task which
requires subjects to search for and detect a target embedded in nontarget
items. This test is diagnostic of a subject's ability to perform rapid
visual pattern discrimination.

DESCRIPTION

The UTC-PAB visual scanning task can be presented in one of two alternative
versions. 8oth procedures require that the subjects visually scan a matrix
of letters (25 rows by 5 columns) in nomal reading order (left to right,
top to bottom) in order to detect a prespecified target letter (e.g., "K")
embedded in the matrix. In the lite pen version, once the target letter is
detected, the subject is required tc identify the exact location of the
target using a lite pen. In the keyboard version, the subject identifies
the row of the matrix in which the target is embedded via a keypad or

keyboard.

BACKGROUND

The visual scanning procedure was developed by Neisser (1963) in order to
provide information about the depth, breadth, and flexibility of tne cog-
nitive processes involved in recognizing printed letters, The test is
based on the theory that the process of recognition is hierarchically
organized. That is, before a subject decides that the letter Z, for exam-
ple, is present in the stimulus display, prior decisions must be made about
features of the stimuli such as parallel lines and angles. These deci-
sfons, in turn, are then based on processes of a still lower order (e.g.,
“feature" deiLectors in the visual system). According to the theory,
processing times would be expected to depend on the depth of hierarchy
required by the task. I[f, however, several operations are at the same
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level in the hierarchy, the subject may be able to execute them simulta-
neously (in parallel).

Neisser's (1963) original study consisted of several variations of the
basic procedure. In the first experinents the identity of the target let-
ter (Q versus Z), the number of columns in the matrix (two versus six), and
the presence or absence of the target letter were all varied. The study
involved the additional manipulation of such variables as the horizontal
spacing of the rows; the context in which the target was embedded (angular
letters such as W, X, and ¥, or round letters such as G, 0, and U); the
number of days of practice; and the number of targets searched for.

The results of the study were as follows: (a) it takes longer to detect
the absence of a ietter than its presence, (b) subjects can look for either
of two letters as rapidly as for one alone, (c¢) the more columns in the
display, the longer it takes to detect *the presence or absence of a target,
(d) context plays an important role in feature detection (e.g., it is
easier to detect a round nontarget letter in a context of.angular nontarget
letters than in rounc¢ target letters), (e) reactioa times decrease with
practice, and (f} with enough practice subjects searched as quickiy for
four targets as for one target.

The following conclusions were offered with regard to the cognitive proc-
esses involved in the identification of printed leftters: (1) At simple
levels, several distinct processes of recognition can function simulta-
neously (i.e., in parallel) in the analysis of a single stimulus config-
uration. However, (2) parallel processing does not appear to be evident
in the analysis of "spatially distinct" parts of the input, even after
extended practice. (3) The nature of the search process is dependent upon
tha nature cf the context in which the target letters are embedded.

Many researchers have subsequently investigated the scanning task in order
to more precisely define the cognitive processes involved. The majority of
this literature centers around identifying those factors that are most nec-
essary for parallel processing of letters (i.e., when scanning times remain
constant as the number of targets searched for increases). Four such

185




factors have been determined to separate parallel processing (visual
scanning functionc) from serial processing (item recognition functions).
These factors are: (1) the amount of practice with the search task, (2)
the nesting of target sets, (3) the analyses of speed and errors, and (4)
the context of the target, Representative studies for each of the abnve
factors will now be presented.

The Effects of Practice

Neisser, Novick, and Lazar (1963) presented a study in which subjects
searched for targets of sizes 1 to 10 letters. The results showed that by
the twelfth day of practice, reaction times were the same for all number of
targets searched for. That is, by the twelfth day, subjects could search
for 10 targets as quickly as they could search for one. This supports a
parallel processing model. Error rate was 20 percent in the experiment.

In contrast to this, Kaplan and Carvellas (1965) tested the hypothesis that
scanning time for just learned targets increases in proportion to the num-
ber of targets being searched for. Their results showed that, for target
sets of one to five, scanning time was proportional to the number of tar-
gets searched for supporting a serial processing model with unpracticed
subjects.

Graboi (1971) investigated the effect of specific versus nonspecific prac-
tice on scanning speeds. With specific practice (retaining the same stim-
ulus items for all set size conditions) visual scanning rates remain
coastant over larger set sizes supporting Neisser's oarallel processing
model. However, when target items differ for every set size condition
(nonspecific practice), the search rate increases with set size supporting
a serial model of processing (Sternberg, 1969). To explain these results,
Graboi argued that the effect of practice might be to develcp selectively
those feature analyzers relevan: to the specific target set, reducinyg the
cues needed to recognize the target and distinguish it from nontarget
items. Since the decision process needs to reckon with fewer features,
categorization time per item decreases. As a result, the dependence of
scan time on memory set size becomes reduced.
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Nested Target Sets

Closely related to the effects of nonspecific and specific practice are the
effects of nested target sets. Nested target sets occur when each taryet
set contains all the items also contained in smaller sets, and target sets
are constant throughout the experiment, as was the case in Neisser's

original study.

Kristofferson, Groen, and Kristofferson (1973) listed three conditions
which differentiate visual search functions (Neisser, 1963) from item
recognition functions (Sternberg, 1969). That is, there are three condi-
tions necessary for search times to be independent of set size: (1) Error
rate is high--20 percent, (2) constant and nested targets must be used, and
(3) there must be response consistency (always responding in the same man-
ner). The present experiment maintained low error rate, nonnested targets,
and response inconsistency in collecting visual search data. Results
showed that search times increased in a linear fashion with increases in
target set size. Thus, it was concluded that the effect of set size and
the effect of practice on the set size effect as detemined from visual
search performance is qualitatively very similar to the effect of set size
and the effect of practice on set size as detemined from item recognition

performance.

Another study using nonnested target sets was reported by Gould and Carn
(1973). Subjects searched for one, five, or 10 targets, any one of which
had to occur once, twice, or four times in the array. Different subsets
were selected for targets from the 10 target condition every day. The
remaining items not chosen in the subset (“"nontarget taryets") were also
presented in the matrix. Results showed search times decreased over a
period of 30 days, however, they increased as a function of the set size.
A new finding was that subjects required moice time and made more errors
when searching for five targets than when searching for 10 targets. Two
explanations were proposed. First, subjects' verbal reports indicated that
the presence of nontarget targets in the array caused an interference
effect. When subjects fixated on a nontarget element they had to stop and
think whether it was really a target or not. The other explanation
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involves the nesting of the targets. Aithough the items in each taryet set
size remained the same for 42 consecutive trials each day, the items in 1-
and 5-item sets changed fram day to day, whereas items in the 10-item set
remained the same every day.

Holmes et al. (i978) provide an excellent review of the situational factors
involved in the visual search paradigm. Holmes et al. (1978) used non-
nested target sets that varied from trial to trial. Stimuli consisted of
geometric forms which were used to eliminate verbal rehearsal. The results
do not provide any support for the existence of parallel processing.
Performance throughout the experiment steadily declined as the number of
items in the target set increased. These findings provide further support
to those of Gould and Carn (1973) and Kristofferson et al. (1973) and
suggest that parallel processing cannot be observed unless nested target
sets are employed. According to Gould and Carn (1973) the need to learn
new target sets on every trial is a difficult task. If nested target sets
are used, it is probably much simpler to learn the "master" set (of which
all other sets are subsets) and use this master set on all trials,
resulting in data which resemble parallel processing.

Speed and Error Analyses

Another factor affecting visual scanning times is the subject's allocation
of speed versus accuracy in the task. In Neisser's original study, sub-
jects were told to scan the array as fast as possible. With speed beinyg
stressed, the error rate was 20 percent.

Cohen and Pew (1970) replicated Neisser's study in every respect except
that accuracy was stressed as opposed to speed. Search times were longer
for all target set sizes. After 15 days of practice, search times were not
constant for all target sizes, although with succeeding days the ditfer-
ences in time per element associated with the rumber of possible targets

became markedly less.

Wattenbarger (13968) used a speed group and an accurdacy group to test the
effect of different instructions on scanning speeds. The speed stressed
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group had an error rate of 15 percent while the accuracy stressed group had
an error rate of 7 percent. Wattenbarger states that this difference in
error levels indicates that the verbal instructions were adhered ts.

Search rates obtained by the accuracy group were slower than for the speed
group and perfommance continued to improve with practice for both groups.
It was concluded that a lenient accuracy criterion is necessary, as well as
practice, to produce parallel information processing in a visual search
task.

Kristof ferson (1972) criticized the results of Neisser because the error
analysis was based only on the frequency of occurrence of false-negaiive
errors (failure to find the target), and false-positive errors (finding an
incorrect target) were not examined. Kristofferson replicated Neisser's
original study to allow for measurement of both types of errors. False-
positive errors could be identified since the subjects responded by marking
the position of the target using a lite pen. Results showed that there
were significant differences in scanning times as a function of set size
over the final eight days of the experiment. Both types of errors were
Tow. It was concluded that parallel processing and highly accurate
performance on the search task are incompatible.

Context Effects

The context or background in which target letters are scanned have also
been shown to effect search times. Gould and Carn (1973) varied the back-
ground in which targets and nontargets appeared. A complex background con-
sisted of stimulus items located between columns of “percent" symbols. The
effect of the complex backgrounds was to add a constant of about 1 second
to all search times,

Context of nontarget items has been manipulated by Tone (1981). Subjects
searched quickly for all possible target "Zs" in the array. When a target
was found, the letter was crossed out with a pen. Either one, two, or four
nontarget letters were interposed between targets to make up a 6 by 22
array. Three types of interposed letters were used, anguiar, round, and
both or mixed. Round letters consisted of B, C, D, G, O, and Q while the
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angular letters were A, K, M, N, V, and W. The results confimed expec-
tations. Visual scanning time decreased significantly as the span between
targets expanded from one to four interposed letters, Scanning time sig-
nificantly increased, however, as the visual difficulty of the tasks
increased from checking s amony round letters to checking Zs among angular
letters. There was ng significant interaction.

In summary, resu’ts from visual scanning experiments have shown mixed
results. Although all scanning times have been shown to decrease with
practice, multiple target set scanning times do not always equal single
target scanning times with extensive practice. It seems that for parallel
processing of letters to occur, speed at the expense of accuracy must be
stressed, and target sets must be nested.

The UTC-PAB version of the visual scanning test involves using only single
targets. Subsequently, findings involving nested target sets are not per-
tinent to this version. However, the effects of practice and speed stress
should be controlled. Finally, since varying the context appears to be a
good discriminator of scanning times, it should be considered for inclusion
as a possible independent variable in this version of the test.

RELIABILITY

Carter and Krause (1983) tested the reliabiiity of both siope scores and
response time measures of Neisser's visual scanning task. Twenty three
subjects were tested in the experiment in which subjects scanned lists for
one of one, two, or four prespecified targets. The probability of finding
a target was .50. Subjects were allowed 20 seconds to search in the one
target condition and 30 seconds for the other two conditions. The test was
rupeated in the same order on each of 15 successive weekdays.

The intertrial ccrrelaticns of the response times for the 15 days for both
one and four targets were computed. The averayge one target correlation is
.58 and the average four target correlation is .44. The slope intertrial
correlation is .30. Thus, the reliability of siope score was poor compared
with the re.iability of the RT scores for this letter search task., The
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authors, therefore, concluded that response times are imore reliadble meas-
ures of visual scanning performance than are slope scores,

It is important to note that test-retest reliabilities (intercorrelations)
obtained on this task risk being confounded by practice effects. Since
response times have been found to decrease as a function of days of prac-
tice and as a function of target sev size (Neisser, Novick, and Lazar,
1963), intertrial correlation values will be biased or contaminated by
these effects. Results show that response times for multiple target sets
match that of a sinyle target by about the twelfth day of practice, but
response times for all target sizes continue to decrease through 30 days of

trials.

VALIDITY

The original purpose of the Neisser visual search task was to provide pre-
liminary information about the depth, breadth, and flexibility of the pro-
cesses involvea in recoygnizing printed letters. If a subject scans at the
fastest rate consistent with relatively error free performance, this rate
should be limited only by the speed with which he can analyze the items for
the presence of a particular letter. Although this task measured the speed
of the perceptual (scanning) proces-, it was not the speed alone that the

task was designed to measure.

In multiple target searches scanning times vary greatly across experi-
ments. In some studies the scanning times do not increase with more tar-
yets, supporting parallel processing (Neisser, Novick, and Lazar, 1963),
while in other studies response times increase with added number of targets
resembling iten recognition functions (Kristofferson, Groen, and
Kristorferson, 1973). It is possible that with multiple target compari-
sons, the task also requires certain memory comparison processing times in
addition to perceptual processing times.

In summary, the UTC-PAB version of the visual scanning task, searching for
only one target, does seem to tap a person's speed for making rapid visual

discriminations.
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SENSITIVITY

There is very little literature snowing the use of the Neisser visual
search paradigm as 2 test of human performance in different settings. The
Neisser visual scanning task does not appear to have heen used at all in
any dual task situations in the reported literature.

In a sleep deprivation study, Wehb {1985; used an acdaptation of the Neisser
task as part of a battery of tasks to determine cugnitive performance in
sustained operations settings. Subjects sea-ched an array of letters for
either an “X" or "Q" in contexts of either iounded letters (e.g., G, 0, €,
D) or angular letters (e.g., V, N, K, Y). The tast was not sensitive to
amount of sleep loss (with short naps allowed), Ths only significant
effect was found with sleep deprivation of older subjects (40 to 49 years).

Tuttle, Wood, and Grether (1976) used : battery of tests to measure per-
formance impaiment of workers exposed to carbon disulfide (CS2). The
Neisser letter search task consisted of clusters of lutters presented to
the subject on a sheet of paper for 20 seconds with instructions to iden-
tify and mark the predetermined letter(s) from the visual array. Two
trials each were given to search for single. dual, and four target let-
ters. The total numher of target letters currectiy identified duriny the
six trials was measured. Significant performance decrements were found in
the exposed group on the letter search task.

In a later study (Tuttle, Wood, Grether, Johnson, and Xintaras, 1977), the
same Neisser search task was used to determine the behavioral effects of
chronic perchloroethylene (PCE) exposures. No significant differences were
found in this experiment.

The same Neisser visual task was also used in a health survey of velsical
pesticide workers (Xintaras, Burg, Tanaka, Lee, Johnson, Cottrill, and
Bender, 1978). A set of cognitive tests were selected to evaluate the per-
formance of workers exposed to the pesticide leptohos. Unfortunately, the
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lack of a comparison group (e.yg., coatrol/no exposure) mace 't impossible
to clearly identity differences with any of these tests,

In sunmary, it appears that the Neisser visual scanning task may prove to
pe a sensitive measure of perceptual speed in drug testing if it is

employed correctly (i.e., with proper exparimental control).

TECHNICAL DESCRIPTION

Two versions of this test are available tor use, The specifications for
the two versions are as follows:

Lite Pen Version

At the beginning of each trial of the visual scamning task, a fixation
point (charazter) is displayed on the top line of the screen three char-
acter positions to the left of center (one position to the left of where
the array will appear)., The purpose of the fixation character is to reduce
the variability in the subsequent visual search time and to provide a pre-
paratory time cue for the next stimulus presentation. The fixation char-
acter may be a right arrow, a dash, or an asterisk (i-oughly in that order
of preference) depending upon character cet availability and appearance.

The stimulus array consists of 25 rows and 5 columns randomly generated
from the 25 letters "A" through “Z" excluding "X." The array is generated
Jduring the intertrial interval while the display is either blanked, dis-
playing a teedback character, or a fication character. One randomly
selected character within the array is then replaced by the target letter
"K," with the restriction that it may not occur within the first four rows
of the last visible row. If the video adapter and monitor cannot handle a
25 line display then only the first 24 of 25 lines will actually be pre-

sented.

Once the array is displayed, it must not scroll, sweep, or be painted on
the screen at a discernible rate but must appear within one frame interval
triggered from the vertical sync pulse or equivalent. This implies that it
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will reside in a different screen page than the fixation ciaracter, and
that if only one text page is available the fixation character may have to
be ganerated graphically. All letters are upper case, in white, on light
blue background, and dark blue bcrder,

The instant the target is detected, the subject presses a button on the
button bux, and then has 5 secornds to touch the target letter with a lite
pen. (Although the lite pen response might appear to be sufficient in and
of itself in this application, it contains inherent variability due to dif-
ferent physical movement times, differeat video beam scan times, and
usually to details of the "hit detection" circuitry or algorithm used.)

Keypad o~ Keyboard Version

The fixation stimulus and arr2y presentation are the same as above. How-
eve, the accurrence of the butron/qupress canses the array rows to be
immedi ately labeled with the numbers 01 through 25. These numbers are dis-
played to the ~ight of the letter array after one intervening space.

The button is replaced by a designated key on the keypad or keyboard. As
with the button response, the subject has 10 seconds to respond. After the
resporse is made and the rows are numbered, the subject has 5 seconds to
enter the 2-digit targef row number. A return or enter is not required,
and backspace correction is not allowed. In all other respects the secend
digit entered serves the same function as did the lite pen responses in the

above.

Trial Specifications

Each trial begins with a 500 msec presentation of a visual fixation

point. When the fixation interval has elapsed, the stimulus array is dis-
played and the timer is ctarted. The subjeci scans the stimulus array,
presses a button on the button box the instant the target letter is recog-
nized, and then has 5 seconds to touch the target letter with a lite pen
{or enter the proper row number on the keyboard).
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Detection of a lite pen "hit" (or the second digit entered) initiates a

500 msec delay interval, optionally displays a feedback character during
this interval (in the same location used for the fixation character), then
blanks the array for 500 msec while displaying the next fixation charac-
ter. If a subject fails to detect the stimulus (no button response occurs)
within 10 seconds, or if no lite pen or keypad response is recorded within
5 seconds of the button response, the screen is blanked for 500 msec, and
the next fixation period begins. The task continues for 40 trials or

5 minutes, whichever occurs first. (The number of trials and test duration
may be varied by the experimenter.)

DATA SPECIFICATIONS

Each trial generates a stimulus code, a response code, and two time val-
ues. The stimulus code identifies the row and column of the target let-
ter. The response code identifies whether the response was a correct lite
pen response, an incorrect lite pen response, a late lite pen response, or
a late button response. These time vaiues are replaced with the appro-
priate "deadline" values in the case of late (missing) responses. Summary
data requirements are: (1) task duration in seconds, (2) number of trials
completed, (3) number and percent correct ("late trials" count as errors),
(4) number of late button responses, (5) number of late lite pen responses,
(6) least square linear fit, derived from correct trial button reaction
times and target row locatians, including: (a) slope of regression line
(scan time per row), (b) intercept (response time for "zero" rows), and (c)
squared correlation coefficient (r), (7) response times for correct

detections.

Raw summary data for keypad/keyboard version is analogous to the above.
The word "button" can be replaced by "detection key" and "lite pen" by
"second digit."

TRAINING REQUIREMENTS

The instructions to the subjects should be read to the subjects before the
start of the training trials., Followiny the instructions the subjects
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should be presented with a minimum of 10 practice trials. The practice
trials will differ from the experimental trials in that following each
"hit" with the lite pen, a feedback character will be displayed indicating
the correctness of the response. The response or scanning time will also
be displayed.

During the nractice trials the experimenter should carefully evaluate the

subjects performance in order to determine that the instructions are being
followed. For example, the instructions stress that the subjects scan the
array "quickly and accurately"; however, subjects may be sacrificing accu-
racy for the sake of speed, or they may be reaching the response deadline

too frequently. Furthermore, the experimenter should ensure that subjects
are scanning the array in the prescribed manner (i.e., from left to right

and top to bottom).

To summarize, the training phase for this test should consist of the
following steps:

J. Read instructions to the subjects.

2. Run practice trials and evaluate subjects' performance to ensure that
the instructions are being followed.

3. Repeat the practice trials if it appears that the subjects require
additional practice with the test.

4. Run the experimental trials, Note, if the tasks are beiny run over
several sessions on this test, one may omit the practice trials after
the first session.

INSTRUCTIONS TO SUBJECTS
This test examines your ability to make quick perceptual discriminations.
The computer will present you with a brief fixatien character followed by a

25 row by 5 column display of letters from the alphabet. You are to scan
the array from left to right and top to bottom (in natural reading order)

19

B2 0 T B R P LY N R Tt PN R N Y Ny B Y S N N A Y N A Tl aVa ol abivarh <O abav v WA R N I N aV R 2t athally .tz T R AT B C gav YRv. Y



W O R TT P R R P NP LI Vi T AL LI LRI LRI TR o KRR

for the presence of the letter “K." Scan the array as quickly as possible
but be sure to identify the correct letter. Once you have detected the
target letter (K), press the button on the button box, then picking up the
lite pen, touch the “K" on the monitor with the pen. If no pen is avail-
able on this version of the test, after you press the button, the rows of
the array will immediately be labeled with the numbers 01 through 25. Once
the "K" has been identified, press tne button, and tken enter the two digit
row number containing the "K."
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Section 17
‘CODE SUBSTITUTION TASK (UTC-PAB TEST NO. 16)
(PERCEPTUAL SPEED, ASSOCIATIVE LEARNING ABILITY)

PURPOSE

This task is designed to tap information processing resources dedicated to
the rapid encoding and associative evaluation of stimuli,

NDESCRIPTION

The UTC-PAB code substitution task is derived from a paper and pencil ver-
sion of the task contained within the Wechsler Adult Intelligence Scale
(Wechsler, 1958), and is designed to assess associative learning ability
and perceptual speed. A string of nine letters and a striny of nine digits
are arranged on a CRT display so that the digit string is immediately below
the letter string. Each digit corresponds to a given letter, A test let-
ter is then presented at the bettom of the screen, below the two coding
strings. The subject is to indicate which digit corresponds to that test
letter in the coding strings by pressing a designated key on a numbered
keypad. The letter-digit associative pairings remain the same for the
entire test.

BACKGROUND

The Code Substitution Test falso called the "Digit-Symbc1" test) has been
utilized as a psychological measurement tool for over 50 years (Pepper

et al,, 1985). The popularity of this test increased markedly upon its
inclusion in the original Wechsler-Bellevue Intelligence Test (Wechsier,
1958) as a diagnostic test of intellectual speed. For the years that have
foilowed, the Wechsler paper and pencil version of Code Substitution has
been frequently utilized as an established metric of mental functioning due
te the convincing data provided by Wechsler himself. High correlations
were reported between the Code Substitution Test scores and overall IQ (r =
.67 for ages 20 to 34; r = .70 for ages 35 to 49). Thus, the employment of
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this task seems to represent a vehicle for assessing speed and efficiency
of intellectual performance,

RELTABILITY

The reliability associated with all Wechsler-Bellevue subjects and scales
was investigated by Derner, Aborne, and Castore (1950). Their subjects
were classified as "normal adulte" (n = 158). Once the task had been
learned, simple test-retest reliability ccefficients for the Digit-Symbol
Test were all in excess of ,70. This suggests that this test is of suf-
fictent basaline reliability to potentially reflect performance decrements
related to environmental stressors. However, research devoted to environ-
mental effect on performance typically employ very extensive repeated meas-
ures designs, Thus, to be of value in performance assessment research,
test-retest reliability must be established across several test sessions,
as opposed to simple test-retest reliability.

Pepper et al. {(1985) obtained performance data on the Code Substitution
Task for 15 days from 19 Navy enlisted men, age 19 to 24. The subjects
were given a Z-minute testing session each day. The performance metric
utilized in these analyses was tctal items correct because subjects made
very few errors and other measures were viewed as redundant (e.g., percent
correct and reaction time would both e a reflection of total correct if
performance is virtually errorless). The giver scheme of letter/number
correspondence was varied across days. Differential stability of perform-
ance was ohtained by day eight. Cross-session reliabilities following this
day were moderate aid stable (r = .75). Thus, the authors concluded that
the Code Substitution Test appears to be an "excellent candidate for
assessment of environmental effects" based on thes: analyses of reliability
and stability (Note: differential stability is characterized by high,

Py stable test-retest correlations).
Ny 7,

N

it VALIDITY

e

Most discussions of validity that involve the Code Substitution Test stem
from attempts to validate the complete set of Wechsler scales as a metric
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of overall intelligence {Matarazzo, 1972; Wechsler, 1958). The validation
tool utilized is the employment of correlational analyses among scores on
several intelligence tests. Correlations among these various subtests and
overall test scores tend to be high., It would seem, then, that these tests
are presumably measuring the same cognitive ajilities which can probably be
combined into such a censtruct as intelligence. Of greater concern here,
however, is the construct validity specific to the Code Substitution Test,
While the correlations obtained by Matarazzo (1972) and Wechsler (19%8)
seem to validate the use of this task in the assessment of intelligence,
the construct validity of each subtest, which carries more weight with
respect to performance assessment, was not addressed in either publication,

Within the domain of performance assessment, the Code Substitution test is
intended to specifically measure perceptual speed and associative ledrning
ability. Vvalidation of this test in terms of this construct was provided
by Cohen (1957a, 1957b) who performed a series of factor analyses on the
Wechsler-Bellevue subtests, Two principal factors were found to load on
Code Substitution Test performance: A "perceptual organization" factor and
a "memory" factor. The similarity between these factors and the test's
construct is apparent. Thus, it can be stated with a sufficient degree of
certainty that performance on this task taps into resources dedicated to
perceptual speed and associative learning (or the retention of short term
information). A potential link between the two parts of this construct, as
pointed out by Cohen, might be the ability to filter out meaningless infor-
mation at the perceptual level as well as the central (forming of associa-
tions) level of information processing. In summary, the test appears to
assess the speed and accuracy with which an individual perceives new infor-
mation and integrates it within the preestablished associative framework
(Cohen, 1957a, 1957b). Also as discussed earlier, the ability to utilize
these resources tends to stabilize for a yiven subject, permitting this
test to be recommended for use as a diagnostic tool in performance

assessment research,
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)
| §§‘ SENSITIVITY

. The sensitivity of the Code Substitution Task within the arena of perform-
Eﬁf! ance assessment/stressor evaluation has not been widely investigated,

ﬁ%‘ Because the test was originally developed as a subtest of the Wechsler-

?3& Bellevue Intelligence Test, investigations of its sensitivity lie typically

N within the clinical domain where the complete Wechsler battery is often

igé utilized. For example, Sax et al, (1983) utilized several Wechsler sub-

ﬁgg tests in an attempt to uncover cognitive predictors of the neurophysiologi-

{fﬁ cal correlates of Huntington's disease {HD). Declining performance on Code

. Substitution was shown to be a function of the distance between the outer
ﬁgr tables of the skull and the caudate nuclei. This distance is typically

’$S' abnormal for HD patients, and it can be measured with a CT scan. Similar

ﬁgi findings are given considerable discussion by Wechsler himseif (1958). He
T cites several organic sources of decreased performance or all of the

@f Wechsler-Bellevue subtests. In general, any organic brain damage is seen
g&‘ to impair performance to some degree on all subtasts. Of special interest
wﬁf here, however, is Wechsler's finding that "the yreatest and mcst consistent
" falling off (of performance) is oun the Digit Symbol Test" (p. 174).

3@3 wWechsler also cites similar performance decrements for schizophrenia and
ﬁg dementia praecor patients. Thus, organic brain damage is heavily reflected
Egz' in Code Substitution performance, indicating that this task is potentially
"j sensitive to any impairments which may beset an individual,

e

%ﬁ Also included in the clinically oriented research are sensitivity data

@E, associated with sex and age. The effects of these variables could also be
™ brought to bear in the evaluation of environmental stressors and, thus, are
;32 of considerable interest nere. In generai, females perform slightly better
'§;§ on this task than males, and performance across all subjects tends to

%ﬁ: decline steadily with age following 30 years of age (Wechsler, 1958). it
g;} is important to bear tliese facts in mind when utilizing the code sub-

§§§ stitution task in any given area of rescarch to avoid contounding these
-SQQ factors with the votential sources of variation of interest and, thus,

f%& ensure appropriate interpretation of obtained results.

W

7;,'
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As has been mentioned, the Code Substitution paradigm has not historically
oeen employed in the study of environmentally introduced stres<ors. How-
ever, Pepper et al. (1985) introduced this task t¢ such a paradiygm to

‘ 5& assess its potential as a diagnosic tool in the domain of performance
g“ assessment, As their subjects were six U,S. Coast Guardsmen, the variable
| §$ involved was tolerance to sea motion. Motion-induced nausea was shown to
r» produce a pattern of decrement in Code Substitiution parformance similar te
;ﬁ those associat2d with other perceptual/motor tasks (kike. et al.. 1979;
3 Wiker and Pepper, 1978). This finding indicates that this task is poten-
&k tially sensitiva to the effects of environmental factors as well as organic
i factors. It seems, then, that the UTC-PAB versicn of the Code Substitution
t?; Task is sufficiently sensitive to be utilized as a diagnostic tool within
}R: the domain of performance assessment/environmental research,
A TECHNICAL DESCRIPTION
i
"{ﬁ The coding string remains displayed on the screen for the duration ot a
{g‘ test sessioa, Each test displry consists of a string of nine randomly
- selected letters, and the digits 1 through 9 are strung directly underneath
: g} the letter string, Letters and digits are randomly paired for each test
~§ﬁ and order is randomly assigned in the coding string,
.:‘?:
é} A single trial consists of the presentation of the probte letter to which a
§$ subject is to respond by pressing the key that corresponds to the appro-
.?é priate digit. There are 30 trials per test session. There i5 an inter-
%:' stimulus interval (ISI) of 500 mesc between the subject's response and the
‘ presentation of the next probe letter.
i
.i} The coding stiing is centered on the screen, The letters and digits ar~
2% 2.0 cm in height and the ietters are capitalized., The letter string is
- dicplayed 1.25 cm above the digit string and a given digit 1s located
i directly below its corresponding letter, The prnbe letter is designed to
fﬁ match the graphic features of the corresponding letter in the cuding
e string, The probe is horizontally centered 6 cm below the bottom of the

coding string. The probe remains on the screen until the subject makes a

response.
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If the subject makes 2 responsy during the ISI the sceeen will blank (i.e.,
the coding string will be removed), and the message "do not press a
response key before the test letter appears" is displayed for 5 seconds.
The coding string will then be redisplaycd and the test will proceed nor-
mally. The response manipulandum is a numeric keypad which is separate
from the keyboard. The subject responds by pressing the appropriate digit
on the keypad,

DATA SPECIFICATIONS

The response time (racorded ith less than 1 msecond error for each trial)
and the actual correct resnonse are recorded for each trial., Summary
statistics are: (1) mean and median response times over the 30 trials, (2)
range and variance of the response times, and (3) totel number of correct
responses. In addition, an option is available that allows examination of
test performance on a trial by trial basis for each subject with each
response time, correct response, and subject's response displayed.

TRAINING REQUIKEMENTS

Trainig consists of the presentation of a coding string followed by 10
trials. The procedure is essentially the same as for the experirental
trials, with the exception that subjects are provided with feedback during
the training trials, If a subject responds inappropriately during train-
ing, the following message is displayed: “That was an incorrect

response. The correct response was ___ (tne correct code digit)." This
message remains on the screen for 5 seconds, Then, the same probe letter
is presented again. This procedure continues until all 10 trials have heen

correctly completed,

To summarize, the training phase for this test should consist of the

following steps:

1. Read instructions to the subjects,
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2. Run practice trials and evaluate subjects' performance tc ensure that
the instructions are being followed,

3. Repeat the practice trials if it appears that the subjects require
additional practice with the test.

4, Run the experimental trials, Nota, if the tasks are being run over
several sessions on this test, one may omit the practice trials after
the first session,

INSTRUCTIONS TO SUBJECTS

You will be presented with a row of letters across the screen, Directly
below this is 2 row of numbers, The rows will be arranged so that the num-
ber directly below a letter is called the "code" for that letter, Your
task is to learn the codes for each letter, A series of test letters will
be presented, one at a time, at the bottom of the screen, These test
letters are all taken from the letter row. Your job is tc :uter the digit
an the keypad that is the "code" for that letter. For example, if the
letter "J" was right above the digit "7," then "7" is the code for "J."
When the letter "J" appears at the bottom of the screen, you should press
“7" on the keypad. Try to respond as quickly upon the presentation of the
test letter as possible without making any errors,
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Sectior 18
VISUAL PROBABILITY MONITORING TASK (UTC-PA TEST NO. 17)
(SPATIAL SCANNING/SIGNAL DETECT ON)

PURPOSE

The purpose of this task is to test perceptual rasources devoted to s.an-
ning and detecting of visual signals,

NESCRIPTION

In this test, the subject is presented with a CRT display of dials and
instructed to monitor the movement of a pointer located heneath each dial
(Figure 13 shows a representation of the dials). Under normal conditions,
the pointer moves from one position to annther in a random fashion to sim-
ulate the pointer fluctuations on an actual dial. At unpredictable
inter:als, the pointer begins to move nonrandomly, staying predominantly to
the left »r right half of the dial. These biases in pointer movement are
the targets or “"signals" to which the subject is instructed to raspond.

The subject's job is to detect the presence of a “signal" and press the
appropriate response key after which tne biased dial will return to the

original random pointer movement,

The test includes three task demand levels based on the number of dials
that are displayed at any given time and the discriminability of the siy-
nals. A single test trial consists of 3 minutes of continuous monitoring
and only one signal can be present at any given time. Signals may occur at
any time within a trial with the restriction that a minimum of 25 seconds
separates the offset of a signal and the onset of the next signal. Test
trials typically contain two or three signals. In conditions where three
or four dials are monitored (Moderate Task Level and High Task Level) the
dial on which any signal will be displayed is randomly selected.
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Figure 13, Probahility Monitoring Display
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BACKGROUND

The UTC-PAB version of the visual monitoring test wus derived from a task
developed by Chiles, Alluisi, and Adams (1968). The Chiles et al., (1968)
task involved the moritoring of focur meters for the presence of nonrandom
fluctuation; however, unlike the UTC-PAB version, number of dials and
signal discriminability was not varied, Furthermore, the dial monitoring
task was performed concurrently with two other monitoring tasks ,auditory
vigilance and warning light -etecti-n).

Dial menitoring tasks have been used by other researchers (e.g., Carpenter
and Conrad, 1953; Conraa, 1955); however, the procedure and display dif-
 fered from the UTC-PAB version., For example, Conrad (1955) presented sub-
jects with 4, 6, 8, 12, or 12 dials which consisted of a revclving pointer
and marks at the 6 o'clock and 12 o‘'clock positions. The pointers on the
dials stopped at a mark unless the subject pressed & button corresponding
to the given dial. The subject's task was to keep all of the pointers mov-
ing. Conrad found that as the number of dials increased the number of
stops per minute and average stopped time increased. Furthermore, recovery
from errors (starting stopped dials) was more difficuit as the number of
dials increased, The subjective reports indicated that one was more "put
of f one's stride" by an error when the load was high (more dials) than when
it was low.

Woerm, Wait, and Loeb (1976) employed a task where subjects monitored a vis-
uai display for occasional increments in horizontal movements of a bar of
light, This task is similar to the present test since subjects had to
detect changes in the horizontal fluctuations of a vertical line segment
(i.e., similar to a one dial condition). The results indicated that the
detection probability was diraeccly related to the amplitude of the incre-
ments in movement (2mm and 8mm changes for the low and high amplitude
conditions, respectiveiy) and inversely related to backyround events (the
frequency of nonsignals occurring over time)., Furthermore, the detectian
of signals at the low amplitude was enhanced by restraining subject's head.
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The above research indicates that performance in a Visual Protability

monitoring Task 1s directiy related to signal amplitude and inversely

related to the number of neutral events that a subject must monitor in
search of critical signals. Furthermore, the number of signal sources
(Conrad, 1955) is also inversely related to monitoring performance,

The UTC-PAB version of 'he Visual Probability Monitoring Task was designed
with the following guidelines: (a) The Visual Probability Monitoring Task
ts hased on a model of human 'nformation processiny which posits threc
primary stages of processing and associated resources Jedicated to percap-
tual input, central processing, and motor output or response activities
(Shingledecker, 1984), The above model is based on multiple resource
(Wickens, 1984) and processing stage (Sternbery, 1969) theories of human
information processing, The Visual Probability Monitoring Task is assumed
to tap visual perceptual resources and at the same time engage minimal cen-
tral processing and output resources. (b) The actual nature of the present
task was determined empirically. The number of display sources {one,
three, or four dials) and stimulus discriminability (95/5, 85/15, and 75/2%
percent probability bias) were factorially combined during the task devel-
ooment phase, These two variables were manipulated since they loyically
affect visual information processing (e.g., affect the signal to noise
racio). The three levels of task demand represented in the present version
of the task were those combinations of number of signal sources and stim-
ulus discriminability that were statistically different from each other and
represented increasing level of task difficulty (c.g., longer response
latencies and increases in error rates). The results from the test devel-
opment phase are presented in Figure 14 (Shingledecker, 1984). Obviously
the above procedure confounds the factors of numbers of signal sources and
stimulus discriminability; however, the goal of the task developers was not
to model the effect of the above variables on performance but to develop a
task which posed reliably different demands on the systems (human) ability

to process visual input,

In summary, the UTC-PAB version of the probability monitoring test appears
to tap resources principally related tv visual perceptual processing,
Also, the fact that this test presents three increasingly difficult levels
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of task demand makes it amenable for drug research. For example, research
on the effects of CO on cognitive pec~formance (e.g., Johnson et al., 1974;
Putz, 1979) showed detrimental offects for this druyg when subjects were
performing the high demand {or J4ifficult) condition but not the low demand
condition (this was specially true for dual task procedures), In addition,
this test may be readily incorporated ‘nto a dual task procedure.

RELIABILITY

Research by Shingledecker (1984) with this cvask indicates that thaore is
very little practice effect; that is, subject's performance is relatively
stable at the start of testing, However, three to four 3-minute practice
sessions are recommended in order to assuie steady state performance.

Additional reliability data are available from Chiles et al. (1968). In
this study two experiments were conducted to examine the test retest relia-
bility (24 hours) of a meter monitoring task. In the first study (N = 15},
reliability coefficients of .78 and .81 were determined for percent correct
detectjons and reaction time to correct detections, respectively. The sec-
ond study found reliability coefficients of ,97 for percent correct detec-
tions, and .95 for reaction time to correct detections (N = 25), A siudy
by Chiles, Bruni and Lewis (1969) examined the test-retest reliability of
the visual probability monitoring tasis under three different signal rates;
(a) training rate of 15.5 signals/hour, (b) slow rate of 9.4 signalis/hour,
and (c) fast rate of 20.6 signals/hour. The correlation coefficients for
these conditions are presented ¢. Tabie 11. ({Note: N = 10 for this

study.) However, a study by Chiles, Jennings, and Alluisi (1978) reported
a reliability coefficient of .59 for reaction times in the meter monitoring

task,

The above reliability data indicate that the visual probability monitoring
task yields reliable response measures over time, This was especialiy true
for the fast presentation rate in Chiles et al. (1969). However, these
duta may not apply directly to the UTC-PAB version of the task since it
differs procedurally from the Chiles et al., (1968) version. For example,
the UTC-PAB version varies the number of signal sources (one, three, or
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TABLE 11, CHILES, BRUNI, AND LEWIS (1969) VISUAL PROBABILITY
MONITORING RELTIABILITY DATA FOR RESPONSE TIME MEASUREC

Rate ]
Training Slew Fast
Spearman r J7 J14 .92
Product -moment r .88 .53 .96

four dials) and the discriminability of the signals, whereas these
variables were held constant by Chiles et al. (1969).

VALIDITY

As stated earlier, this task was based on a model of multiple resources
(e.q., Wickens, 1984). However, relatively little dual task research has
been conducted with the UTC-PAB version of the test. Shing¢ledecker, Acton,
and Crabtree (1983) examined performance on this monitoring task when it
was time shared with the Michon tapping task (see Manual No. 19). The
Michon tapping task did not interfere with performance on the monitoring
task. The Michon tapping task is assumed to principally tap resources
associated with response timing and, therefore, should not interfere with a
task that does not place heavy demands on this resource. This negative
finding supports the notion that visual probability monitoring is a
resource specific task (e.9., visual processing resources); however, dual
task research which demonstrates performance decrements in visual monitor-
ing is needed (e.g., research that combines the visual monitoring task with
another task that purports to measure visual processing).

Chilas (1977) examined performance in the visual monitoriny task when it
was combined with other tesks (Table 12). As can be seen in Table 12, the
meter monitoring task (e.g., visual probability monitoring) was always com-
bined with an additional monitoring task (e.g., warning lights). In
addition, this pair of tasks was always combined with two other additional
tasks. Chiles (1977) found that responses on the meter monitoring task
were fastest during interval one, next vastest in iantervals two and foui,
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and siowest during the third interval, The difference in detection time
hetweer intervals two and four combined versus interval three was about

10 seconds. However, the difference in detection times for intervals two,
three, «nd four combined versus interval one was about 60 seconds.

TABLE 12. TA3K COMBINATIONS FOR A ONE HOUR TASK SCHEDULE FROM
CHILES (1977)

15-Minute Intervals 1 2 3 4 ]
Warning Lights X X X

Meter Moritoring X X X

Mental Arichnetic X X

Tracking, Two Dimensional X X

Problem Solving X X

Pattern Discrimination X X

(NOTE: An "X" indicates that the task was present.)

The above pattern of results is difficult to interpret with respect to the
effect of additional task on meter monitoring performance, However, it
appears that performance on the meter monitoring task will be disrupted
when heavy demands are placed on working memory processing (e.4., mental
arithmetic and problem solving) or when an additional visual prozessing
task is added (pattern discrimination). Performance on the monitoring task
was least affected when mental arithmetic and tracking were performed con-
currently. A tracking task will most likely place heavy demands on motor
output processing (similar to the Michon tapping task) and, thus, will not
interfere with meter monitoring. Hall, Passesy, and Meighan (1965) found
the same basic results when an Auditory Vigilance monitoring task was

added,

The results of the above studies provide support for the idea that the UTC-
PAB visual probability monitoring task taps resources associated with vis-
ual information processing. However, only one study used the present
version of the task (Shingledecker et al., 1983) and the other studies
always combined meter monitoring with additinna! monitoring tasks.
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Dual task research that combines visual probability monitoring with such
tasks as visual pattern comparison (visual information processing), mental
arithmetic (working memory), and tracking or tapping (response output) may
help to bolster this test's construct validity (e.g., a task that prin-
cipally taps perceptual resources associated with the detection of visual

signals).

SENSITIVITY

Research by Chiles and Jennincs (1970) showed that performance on a meter
monitoring task was degraded by the consumption of alcohol. However, the
meter monitoring task was always combined with two additional monitoring
tasks (light monitoring and choice reaction time to visual stimuli). In
addition, Chiles et al. (1968) showed decrements in performance on the
meter monitoring task as a result of sieep loss. Agein, this experiment
comhined meter monitoring with other monitoring tasks.

Performance on the meter monitoring task appears to be sensitive to such
factors as sleep loss and alcnhol ingestion. However, it is difficult to
predict to what degree the UTC-PAB version of the test will show sensitiv-
ity to environmental stress or drug statuc. The present version of the
task has not been widely employed as a stand alone task or in dual task

research,

TECHNICAL DESCRIPTION

A singl: test trial consists of 3 minutes of continuous monitoring. Test
trials are equally likely to contain two or three signals. Signals may
occur at any time within a trial with the restriction that a minimum of 25
seconds separates the offset of a signai and the onset of the next sig-
nal, In conditions where three or four dfals are monitored, the dial on
which any signal will be displayed is randomly selected.

When no signal is present, the pointer moves to each position with equal

probability (1/6). When more than one dial is to be monitored, the pointer
movement on each dial is independent uf the others. Pointer position is
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updatad at the rate of two moves/second. Diuls always appear in the same
screen location (i.,¢,, dial No. 1 is always located at the upper-center of
the screen, dial No, 2 at the middle-left, etc.). 1In the single dial con-
dition, dial No. 1 is displayed; in the three dial condition, dials one,
two, and three are shown; and in the four dial ~ondition, all four dials
are displayed.

If undetected, a signal lasts 30 seconds and occurs over 6C pointer

moves. When a signal occurs in the hiyh discriminability condition, 57 of
the 6uU pointer moves appear on one side of the dial (95/5 percent probabil-
ity bias); in the moderate discriminability condition, 51 of the 60 moves
appear on the favored half (85/15 percent probability bias); and in the low
discriminability condition, 45 of the 60 moves occur in the bias direction
(75/25 percent probability bias)., Within these constraints, however,
pointer movement is rundomly determined. Biases are equally likely to
appear on either half of the displays and on any given display.

Three significantly different task demand levels are produced by tha fol-

Towinag task conrditions: (a) low demand--cne dial at the 95/5 percent hias
level; (b) medium demand--three dials at the 85,15 percent bias level; and
(c) high demand--four dials at the (75/25) percent hias level.

Trial Specifications

This test does not present discrete stimuii for responses, rather signals
are presented for 30 seconds «r until a response is recorded by the sub-
ject, Each 3-minute trial will contain two to three signals and the
sequence of events for each signal persod is as follows: (a) a signal bias
is produced on one of the dials (only one dial will be biased at any yiven
time), (b) the subject presses a key which corresponds to the location of
the biased dial, (c¢) if the key pressed corresponds to the actual location
of the biased dial o~ if the dial has been hiased for 30 seconds, the
biased dial will go back to its "normal” rate of fluctuation. The above
sequence of events is repeated for each signal period.
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NATA SPECIFICATIONS

For each 3-minute trial the following information will be recorded: (a)
signal condition (low, medium, or high demand condition), (b) trial start
(time 0), (c) onset time for cach sigaed, and {d} responses entered by the
subject (e.g., dial number), along with the elapsed time of response
occurrence in msec from the start of the trial.,

The following summary statistics will oe calculated for each 3-minute
trial: (a) number of signals presented, (b) number of correct signal
detections, (c¢) number of missed signals, (d) number of false alarms, and
(e) reaction time for each correct signal dectection.

Note: the present rate of signal presentation per 3-minute trial is rather

low (e.g., two to three signals), This will result in a small number of
responses which will make the use of parametric statistical procedures
questionable. Increasing the rate of signal presentation per 3-minute
trial may remedy this situation (research has been conducted at AAMRL on a
visual monitoring task with a faster rate of signal presentation; however,
the results of this research have not been published). Research Ly Chiles
et al., 1969) has shown that increasing the rate of signal presentation 1in
a meter monitoring task increases the reliability of the response meas-
ures. Perhaps the above suggestion will lead to the development of a
visual monitoring task which yields behavioral measures that are reliahle

and parametrically sound.
TRAINING REQUIREMENTS

Subjects should be initially introduced to this test by wresenting them
with the instructions. Followingy the instructions, tne subjects should be
presented with a minimum of two to three practice sessiuns per demand
condition, In addition, during the practice triais the subjects shouid be
cued as to the presence of a dial hias. The detection of a dial bias,
specially at the high demand level, will require subjects to become
familiar with the appearance of a dial bias before testing can proceed,
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During the practice trials the experimenter should stress the tact thet the
subjects not respond until they are certain that a signal is present, In
nther words, the strategy of responding wcre frequently than necessary to
avoid missing signals is undesirable.

To summarize, the training phase for this test should consicst of the
fcllowing steps:

1. Read instructions to the subjects.

2. Run practice irials and evaluate subjects' perfurmance to ensure that

the instructions are being followed.

3. Repeat the practice triais if it appears that the subjects require
additional practice with the test,

4. Run the experimental trials. Note, iy the tasks are beiny run over
several sessions on this test, one may omit the practice trials after
the first session,

INSTRUCTIONS TO CUBJECTS

In thi1s task you will be monitoring & number of displays which are intended
to have the appearance of electromechanical dials like thosw on a machine,
The dials consist of six pointer positions and 2 pointer which appears
below the positions and moves from one to ansthes., Under normal ccnditions
the pattern of pointer movement is random. The pointer is equally likely
to move to any position. Feriodically the pointer movement on one of the
dials will become nonrandom, such that the pointer will tend to stay on one
side of the dial more than the other. Your task is to watch the dials
carefully for nonrandom or "biased" patterns of poirter movement, HKiases
in pointer movement are called "sig.als." If you think you see a siyral,
press the button on ihe keypad that corresponds to the disl, When you
correctly respond to a signal, it is eliminated and the pointer goes back
to moving randomly again,
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Monitoring periods last 3 minutes each. VYou start the monitoring period
when you are ready hy pressing any of the response keys. During each
3-minute period, you can expect to see two or three signals (biases). If
you don't respond, a signal lasts for 30 seconds, so there is ample time to
make a decision before responding. When you make a response, the computer
generates a tone to let you know that it was received, More than one sig-
nal may appear on a given dial during the 3-minute itest period, but two
signals will never appear on different dials at the same time. Try to
avoid responding unless you are confident that a signal is present.
Responses to nonexistent signals are scored against you., The screen will
automatically go blank at the end of the monitoring period.

Two aspects of the monitoring task will vary from trial to trial. The
first is the number of dials to be monitored. You will be monitaring
either one, three, or four dials at a time. The other variable is the pro-
portion of time the pointer spends on the favored side of the dial when a
signal occurs. In the one dial condition, the pointer will stay under the
favered half of the dial 85 percent of the time, and will appear on the
nonbiased side only 5 percent. In the three dial condition, this propor-
tion is more equal: 85 percent of pointer moves will be on one side, and
15 percent on the other. The proportion of moves is most equal in the four
dial condition, 75 to 25 percent., The effect of equalizing the proportion
of time spend on each side of the dial occurs when no signal is present,
Therefore, a 75/25 signal tends to look more like random, nonsignal pointer
movement than an 85/1% or 95/5 signal.
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Section 19
TIME WALL (UTC-PAB TEST NO. 18)
(TIME ESTIMATION)

PURPOSE

The purpose of the time wall task is to test a subject's ability to esti-
mate the time at which a target, moving at a constant rate, will have trav-
eled a predetermined discance, That is, on each trial the subject must
integrate the available speed and distance information in order to cor-
rectly anticipate the time at which the target reaches a certain spot on

the screen,

DESCRIPTION

The UTC-PAB time wall task is a nonverbal time estimation task in which a
small object moving at constant velocity passes behind an opaque barrier
and the subject must estimate the moment when the object will reappear.

The time wall differs from a number of other time estimation tasks in that
discrete mediating responses such as counting or tapping are of no direct
obvious aid, In this implementation, movement is vertical rather than hor-
izontal for purposes of visual field symmetry. The barrier contains a hole
or notch the same shape and size as the object, and the subject estimates
the moment when the entire notch will be filled. This implamentation uses

a nominal 10-second time interval,

BACKGROUND

The time wall task originated in a group of experiments conducted at the
Armstrong Aerospace Medical Research Laboratory in order to determine the
effects of noise on vigilance and time judgements (Jerison, Crannel, and
Pownail, 1957; Jerison and Arginteanu, 1958). The first experiment dem-
onstrated an effect of noise in a rate projection situation in which sub-
jects judged the time required for a target moviny at a constant speed to
traverse a part of its route in which it was invisible, It was shown in
the experiment that a noise program in which it was quiet during the
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visible portion of the taryget's course and noisy (110 db SPL) duriny the
invisible portion when the subjects made their judgements, resulted in
Judgement times displaced upward (overestimating) relative to judyement
times under other noice programs including the reverse (noise for visible,

gquiet for invisible) program,

In the Jerison and Arginteanu (1958) study, the same rate projection task
was used; however, five different speeds and four noise levels were facto-
rially combined. The four noise prcgrams were noise throughout (108.5 db)
(NN); quiet throughout (QQ); noise when the target was visible followed by
quiet when the target disappeared (NQ); and quiet when the target was vis-
ible followed by noise when the target disappeared (QN). The five target
rates were: 0.8, 0.4, 0.2, 0.1, and 0.05 inches per second.

A small target pip was generated and displayed on a 21 inch television
tube, and movement was always across a left to right norizontal path (Fig-
ure 15), The target could be seen for four inches across the path and was
invisible for two and a half inches thereafter. The subject responded by
squeezing a4 trigger on an ordinary aircraft control stick at th2 time the
target was estimated to be at a marked location. All subjects received all
of the combinations of rate and noise programs in random orders,

In calculating the results, the judyed time interval was divided by the
correct time intzarval. This new measure was used to allow the comparison
of subjects performance for each of several "correct" intervals. The
shortest "correct" interval (3.12 seconds) was obtained when the fastest
rate (.8 inches per second) was used, The other correct intervals were:
6.25, 12.25, 24.42, and 48,12 seconds for .4, .2, .1, and .05 inches per
secnnd respectively. The effects of rate and of noise were both found to
ve highly significant, the interaction was not., When the judged interval/
correct interval is plotted against the correct interval for each noise
program, the resulting curves show that all time intervals were over-
estimated (Figure 16), None of the four curves cross under the "indif-
ference interval" (the point at which the judged interval equals the
correct interval), The typical result of a time judyement experiment is
often summarized as indicating that short time intervals dre overestimated
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and long time intervals underestimated. The downward slopiny curves of the
resuits indicate that all of the intervals were overestimated, though the
ameunt of overestimation became less for longer intervals.

The four noise proygyrams significantly differentiate performance. The (N
and NQ programs produced 3 yreater degree of overestimation than did the NN
and QQ programs, That is, noise had an effect in terms of whether it was
steady or whether its level changed at the time of disappearance of the

target.

The time wall task is different fraom other time estimation tasks in that
the passing of time is anticipated hased upon other information such as
rate and distance that is available to the subject., This is a relative
judgement since the subject has wil.nessed the amount of time the target had
taken to travel the visible distance., There is no task interference duriny
the judgement interval. In a typical time estimation experiment, the sub-
ject's task is to estimate how much time has elapsed while performing
another task, In this case, time is judged on more of an absolute basis,
without other nelpful information. These researchers are interested in how
different levels of workload imposed on the operator affects his perception
of the passing of time, Another major difference between the two paradiyms
is in how the time interval is determined. In most time estimation experi-
ments, the length of time of the interval to be estimated is selected by
the experimenter and the subject attempts to determine what the interval
was. In the time wall paradigm, the subjects themselves determine the
length of the time interval based upon the stimulus condition,

An experiment by Aitken and Gedy2 (1968) provides a good exampie or a typ-
ical time estimation experiment and its results. In the experiment, eight
Air Force pilots were isolated for four intervals of 10 minutes. During
two of the intervals the pilots were required to perform a simple trackingy
task, while in the other two they were not required to do anything. In
addition, on one occasion for each task condition they were exposed to dis-
tracting stimulation (noise), The subjects were to estimate the durdtion
of each interval and indicate how alert they had been during it, The
rosults obtained were typical of time estimation observations in general.
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The apparent duration of the interval was increased by the presence of the
distraction and decreased by the performance of the concurrent task.

Hicks, Miller, and Kinsbourne (1976) critically reviewed procedural dif-
ferences in time estimation experiments. These authors distinguish between
the information presented "to" subjects during an interval and the informa-
tion processed “"by" subjects during an interval., When processing of the
stimulation is not required of the subject, judyed time is usually an
increasing function of the number of stimuli or the complexity of the stim-
uli that occur during an interval. The functior changes, however, when the
processing of information is required. When the subject must process the
stimulation presented or perform some concurrent task during the interval,
the judged time then decreases with the activity or information processing.

To sumnarize, the time wall task agrees with other time estimation tasks in
that shorter intervals tend to be overestimated and the presence of a dis-
traction (e.g., noise) tends to increase the assessed duration., The time
wall, however, possesses several distinctions from other *time estimation
paradigms., Time estimation for this task is pervormed "on line" or during
the actual occurrence of the interval. Tnis is opposed to the more common
technique of making an estimation after the interval has elapsed. Time
wall judgements are relative estimates of time. Subjects can use the rate
and distance information from the visible portion of the trial as an aid or
predictor of the invisible portion. No time reference is usually provided
in other paradigms, Finally, by pulling the triggyer, the subject is ter-
minating the interval for that trial. Although the "correct time interval"
may have been surpassed, the subject terminates the trial, In other para-
digms, the interval is terminated by the experimenter at a predetermined
time, Because of these differences, the time wall task has been classified
as a test of rate projection or time anticipation, and not strictly time

estimation,

REILTABTLITY

When experimentally testing for the effects cf environmental factors, meas-
urements over several days and times are nusually required. Therefore, in
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environmental research, it is important that the measure consistently
demonstrates the same outcome over these several applications, This test-
retest reliability has not yet been determined for the time wall task.
However, Jerison and Arginteanu /1958) did examine trends resultiny from
repeated measurements on the same subject over three days. Successive
hblocks of 20 trials (two each day) were used in the analysis to display
trends due to repetition of the task. The results indicate an unmistakable
upward trend in judgement times over blocks. This trend continues dacross
days of work., Both blocks and days were significant in effecting time
estimation, These results indicate that performance on this task does not
stabilize reudily. In fact, subject's performance worsens over time as
they overestimate more each day. Thus, many practice tridls might he
required on this task for perfcormance to stabilize, The use of feedback
might also alleviate much of the tendency to overestimate and lead to
higher reliability at much luwer levels of practice. In summary, more
research is needed to adequately determine the reliability of the time wall
test and at what point performance stabilizes.

VALIDITY

In typical time estimation studies, a person is required to judye the
length of time that has elapsed over a period in which some activity may or
may not have been performed concurrently. The judged interval may ranye
from 40 seconds up to and beyond 10 minutes. These studies have gyenerally
shown that when no processing is requ d, increases in stimulus complexity
produce monotonic increases in judged time, However, when processing of
information is required, judged iime decreases with activity or information

processing,

In the time wall task, the person does not judge the length of time of an
elapsed interval, but more correctly attempts to project the rate or speed
at which the target is traveling, From this rate projection, the person
must anticipate the short interval of time the target needs to travel a4
known distance, Thus, the time wall task is qualitatively different from
other time estimation tasks and requires different resources than those
used to judge absoluie time intervals., The time wall utilizes resources
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associated with the integration of rate of motion and distance information,
not necessarily the passing of time. There is evidence that the verbal
estimation of shert intervals (i.e., < 10 seconds) involves partially dif-
ferent processes than the verbai estimation of longer intervals (Hicks and
Miller, 1976). Although it is clear that the time wall task requires other
resources, in addition to those used in judging absolute intervals of time,
precisely what otner resources are required in the task are speculative
until more research involving the task is conducted.

SENSITIVITY

The sensitivity of a test is determined by how well a yiven :mmanipulation
reflects a charge in performance., For the purpose of this battery, it is
important that the test shows sensitivity to drug effects, The time wall
task has been used in one study to determine drug effects. This study will

now be described.

Seppala and Visakorpi /1983) investigated the effects of oral etropine on a
variety of psychological and physiological tests. These measurements were
made bafore a single oral dose of atropine (.85 or 1.7 my, or a placebo),
and 1, ?, and 4 hours after it, Measures taken included flicker recogni-
tion, reaction time, sh.rt term merory, coordination, time anticipation,
and standing steadiness. The veirsion of the time wall task used in this
study was named the Time Anticipation Reaction Test (TART). In the TART,
the test persons had to estimate the time in which a smali round light,
gliding at a speed of 16.8 cm/seconds (6.6 inches per second), would need
to pass a certain wall, The test persons indicated their estimation by
pressirng a key. The measure obtained was the coefficient of variation (CV)
where CV = Rggﬁ x 100. The CV was calculated from the mecn and standard
deviation (SD) of trials after two training trials, Ten successive cstima-
tions were computed, The target traveled behind a wall for a distance of
13.7% inches, The correct interval to be anticipated was 2.08 seconds,

According to the analysis, atropine tended to have no effect on time
anticipation. However, atropine distorted the distribution of the time

anticipation scores so that the lower do.e produced a somewhat flattoned
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distribution and the higher dose a more flattened even distribution. An
insight to the test persons' individual responses revealed that the dis-
tributions were distorted because the initially "fast estimators" (mean
anticipation times: 1,5% to 1.75 seconds) reacted still faster and the
initially “slow estimators” (mean anticipation times: 2.34 to 2.56 scconds)
reacted even more slowly after the drug. The test persons, whose anticipa-
tion times (means: 1.99 to 2.18 seconds) were initially near to the correct
anticipation time (2.08 seconds), were not affected by either dnse of
atropine.

Although time anticipation was not found to be sensitive tu atropine at the
rate of 6.6 inches per second, other rates may reveal different functions.
Jerison and Arginteanu (1958) used much slower rates of under 1 inch per
second, Since the distanca to be traveled was short, these rates produced
time intervals between 3 tc 12 seconds. Perhaps different time intervals
tn be judged are differentially sensitive to environmental factors., There-
fore, a sensitivity studv employing a number of rates may provide a better
assessment of the sensitivity of this tzask,

TECHNICAL DESCRIPTION

The barrier (wall) occupiec the lower third of the display area. The notch
(missing brick) is centered along the wall's bottom udge. The moving
object (falling brick) emerges from the top of the display area and
deszends at a constant velocity such that its leading edge would reach the
bottom line of the display at a precisely known time (nominally 10 sec-
onds). The brick appears to pass behind (or into) the wall, after which
the timer continues to run but nuthing else occurs until the subject
responds or a deadline elapses.

Target distance shall be determined by the VDT screen dimensions. Rate of
the target depends on time and distance values. However, several rates
resulting in judyement intervals of between 2 to 10 seconds would be pre-
ferable, The brick and notch are identical small squares whose size may
have to be determined after initial viewing on the selected monitor and
video adapter., Tentative dimensions are three-sixteenth inch squares.
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Monitor colors to be used in the task are a dark blue bhorder, light blue
sky (upper two-thirds of display), a light blue notzh, and white wali, If
that large an expanse of white appears adversively bright, as is often the
case on monochrome displays, then a wall color should be selected from the
available palette to provide good color contrast but with a subjective
brightness approximately equal to the light blue.

Tria\ Specifications

Each trial in the task begins when the brick emerges from the top of the
screen and descends at a constart velocity behind the wall, The subject
estimates the brick's transit time (the time at which the target should
fill the notch at the bottom of the wali) and pressec any button on the
button box. Feedback that an acceptable response has been made is provided
by instantly filling the notch with the wall color. After 500 mseconds,
tire notch reverts to light blue and a new brick begins to emerge from the

top of the screen,

If a butten is pressed before the brick has passed completely beyond the
upper edge oF the wall, then the trial continues without visible charge but
an “"extra" respcnse is counted If no acceptable recponse occurs within

30 seconds, then a heep is sounded and the next trial begins 1 second
later, The task continues for 10 trials or 300 seconds, whichever occurs

first,

DATA SPECIFICATIONS

Each trial generates at least one time value and a response code indicating
whether the response was acceptable, an "extra," or was timed out hy the
deadline, Times are measured from the start of each trial and will usually
have values around 10 seconds. Recorded values for deadline occurrences
are set equal to the deadline value itself (i.e., 30 seconus). These times
may be recorded as their absolute values or assigned differences from the
calihrated (nominally 10 seconds) standard.
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The following summary statistics are computed and stored: (1) calibrated
standard time valie (not necessariiy 10 seconds), (2) total elapsed time
(task duration in seconds), (3) number of trials completed, (4) numbor of
"extras," (5) number of time outs (deadlines), (6) constant error (mean
estimate minus standard), (7) proportional error (mean estimate as a per-
cent of standard), (8) variable error {standard deviation of the estimates
in wseconds), and (9) coefficient of variation (standard deviation/mean
estimate x 100).

TRAINING REQUIREMENTS

The instructions should be read to the subjects before the start of the
training trials., No training requirements have heen estavlished, lowever,
in the experiment by Jerison and Arginteanu (1958), time estimations were
not stabilizing after the third day, or after six hlocks of trials.
Therefore, at least six practice blocks should be performed, If only a
singie rate is used, perfarmance may stabilize earlier. The experimente:
should monitor the subject's performance to determine at what point time
estimation values are stabilizing,

To summarize, the training phase for this test shculd consist of the

following steps:
1. Read instructions to the subjects.

2. Run practice trials and evaluate subjects' performance to ensure that

the instructions are beiny followed,

3. Repeat the practice trizls if it appears that the subjects require
additional practice with the test,

4. Run the experimental trials, Note, if the tasks are bcing run over

saveral sessions on this test, one may omit the practice trials after

the first session,
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- INSTRUCTIONS TO SUBJECTS

This is an experiment to see how well you can estimate the speed of a mov-
ol ing square target. The target will alwuys start at the top of the screen
and descend at a constant rate toward the bottom, After the target is
two-thirds of the way down, it will pass behind a wall and become invisi-
e ble. Your task is to press a button at the exact moment the moving target

'jg? wiuld pass through the aotch marked at the very bottom of the dispiay. In
: §g. making this judgement, you are not to count or use any other rhythm method
f&? to facititate your judgement. Instead, foilow the target with your eyes

- and imagine it continuing straight down behind the wall to the notch,

%& After you have pressed the button, you will receive feedback .s to where
sif the target actually was and whether you over or underestimated the time
3} interval. A half second later, the next target shall emerge from the

" top. The task continues for 10 trials or 5 minutes, whichever occurs
:é@l first.

W
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Section 20
INTERVAL PRODUCTION TASK (UTC-PAB TEST NO. 1Y)
(RESPONSE TIMING)

PURPOSE

This task was designed to be used as a secondary task to measure demands
placed on motor output by a primary task (Michon, 1966). However, it may
be used as a stand alone test to examine the degree to which variables such
as drugs, environmental stress, and toxic substances disrupt manual
response timing.

DESCRIPTION

This test requires the subject to generate a series of time intervals by
tapping a finger key at a rate of one to three responses per second. The
subject taps with the forefinger of the preferred hand using a paddlie
shaped key (approximately one and one-half inches by three inches). The
task is run in 3-minute trials and the subject is encouraged to maintain
equal time intervals by tapping at as regular a rate as possible. Inter-
vals are timed from the onset of one response to the onset of the next
response and intervals of less than 10 msec are rejected as spurious input.

BACKGROUND

Michon (1966) develcped the tapping task as an all purpose secondary

task. The secondary task method assumes that humans have a restricted
capacity for handling information. If Lhis capacity is not fully enygayed
by the particular task under concern, it should be possible to perform
some other task simultaneously. This conceptualization of processiny
capacity assumes an undifferentiated pool of cognitive resources; however,
current theories of human in‘urmation processing (Wickens, 1981) propose
that cognitive resources may be differentiated alony such dimensions das
input (auditory, visual) and output (verbal, motor) modalities., This issue
will be discussed in further detail when reviewing the results ot experi-
ments that have utiiized the tapping task, At any rate, Michon proposed
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that the major difficulty in performiny tw. tasks simultaneously is essen-
tially a matter of temporal structuriny of perceptual motor behavior,
Theratore. performance on a secondary task such as tappiny (which requires
the timing of a motor response) can serve as an inuex of the processiny
capacity not being utilized by the primary task.

The procedure for using the tapping task in a dual task experiment entails
two basic steps: (a) the basic tapping level (BTL) is determined for each
subject where tapping is performed alone, and (b) the loaded tapping level
(LTL) is determined where subjects are performing the tapping task in con-
junction with a primary task. The above tappiny leveis (BTL and LTL) are

measures nf tapping variability., Michon (1666) recomnended the tollowiny

formula for computing tapping variability:

N
== |aty|

IFT variability T
i=1

where N is the total numver of intervals produced, T is the total time over
which data is collected, and at; is the difference between successive
intervals, Lower values tor the above formula indicate more temporally
reguldar tapping. In addition, the above measure of tappiny variability is
superior to such measures as the standard deviation of interval duration
hecause it corrects for the partial dependence of error maunitude on
interval duration (Figure 17 shows sample computations).

Michon (1966) evaluated the effect of primary task performance on tappingy
performance by computing what he referred to as Perceptual Motor Load
(PML). PML is computed with the following formula, PML = (LTL- BTL)/BTL.
As can be seen, a value of zero for PML would indicate that tapping was
pertormed at the same level under single and dual task conditions.

Michon (1966) proposed the tappiny task as an inobtrusive, easy to learn,
stable, and sensitive secondary task, In addition, the proposed PML mea-
sure could serve as a metric for comparing a diverse set of primary

tasks. MHowever, the tapping task has received relatively littie attention
in the dual task literature. Table 13 presents a summary of dual task
resedrch with the Michon tapping task.
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TIME (sec)

0 10 20 30 4u hU
T T T 1 O O
t = 171 T =25 rjat| = 10
s = .70 N=14
T =2 5 fae| = L2 (10) = 560
T 2%
LE I | | I N N
t = 3.43 T = 50 % |at] = 20
s = 1,40 N=14
pT = X 5 at| = 22 (20) - s.60
T 50
Figure 17. Two Hypothetical Tapping Records [Record A is for a Series ot

15 Taps Over a 25-Second Interval and Record B is for 15 Taps
Over a 50-3Second Interval, The Vertical Lines Under the Time
Line Represent Taps, Note: S is the Standard Deviation of
the Tapping Intervals and IPT is the Measure of Tapping
Variability Recommended by Michon (1966).
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TABLE 13, SUMMARY OF DUAL TASK RESEARCH
Source Primary Task Reported Effects N

Michon, 1966 Experiment 1 fes 6

Choice--reaction time

Experiment. 2 Yec 5

Maze--screw sorting,

multiply, letter detection,

Bourdon test
Brown et al,, 1967 Car driving No 8
Atkinson and Hovercraft maneuvering: Yes 14
Whitfield, 1972 drive the craft on a course
Vroon, 1973 Choice RT: 40

- respond with same Yes

hand as with tapping
- respond with different No
hand than with tapping

Vroon and Vroon, Choice RT: 40
1973 - predictable signal Yes

- random signal No
Johnson et al., Visual signal detection Yes 6
1974
Johansen et al., Flight Simulator: Yes b
1976 Manual responses to auto-

pilot failure
Shingledecker, Tracking Yes 6
1980
Casali and Wierwille, Flight simulator: No 3y
1983 respond verbally to

auditory commands
Shingledecker Tracking Yes 4
et al., 1983 Memory search No 10

Visual monitoring No 4
Casali and Flight simulator: Yes 48

Wierwille, 1984

manual responses to
"danger" conditions
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The literature review indicates that tapping variability increases when the
tapping task is performed wivh a primary task that places a heavy burden on
motor response generation., For example, Michon (1966) reported greater
increases in PML for mazc and screw sorting tasks relative to multiplica-
tion, letter detection, and the Bourdon test. In addition, increases in
tapping variability have been shown with flight simulator (Johansen et al.,
1976) and hovercraft maneuvering (Atkinson and Whitfield, 1972) where the
responses to the primary task were manual, On the other hand, research hy
Casali and Wierwille (1982) with a fiight simulator did not show increases
in tapping variability in the dual task condition; however, this study
involved verbal responses to auditory commands in the primary task.

Additional dual task research by Shingledecker (1980) and Shingledecker,
Acton, and Crattree (1983) supports the above contention that the tapping
task is principally sensitive to concurient tasks which place a burden on
motor response gencration, For @xampie, Shingledecker (1980) found that
tapping variability increased as a function of tracking difficulty. Fur-
thermore, Shingledecker (1982) combined the tapping task with three dif-
ferent primary tasks: unstable tracking task, memory search, and a visual
monitoring taesk. Tapping variability was shown to vary as a function of
tracking difficulty hut did not significantly vary in the memory search and
visual monitoring tasks. The memory search task appears to tap resources
associated with working memory processing and the visual monitoring task is
associated with resources devoted to perceptual processing (e.g., pro-
cessing of visual signals)., These results are consistent with a multiple
resource wodel (e.g., Wickens, 1981) since changes in tappinyg variability
were only obsarved when the tapping task was performed with the unstable
tracking task--a task which appears to tap resources principally associated
with motor response processing.

Finally, related research by Vroon (1973) and Vroon and Vroon (1973) showed
that tapping variahility increased when subjects performed the tapping task
and a choice reaction time task with the same hand; however, tapping per-
formance was relatively stable when the tasks were performed with different
hands. In addition, tapping variability increased in a task wnere the
primary choice reaction time task involved predictable signals but not when
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the signals were random. Vroon interpreted these results in terms of motor
response expectancy. For example, tapping rate decreased shortly before
stimulus presentation in the predictable signal condition but remained
relatively stable in the random signal condition,

The above experiments indicate that performance on the tapping task (e.gy.,
PML ur tapping variability) is diagnostic‘of motor output loading, This
was ussentially the interpretation provided by Shingledecker et al. (19¢3)
where the tapping task was paired with three different primary tasks. The
present review of the Michon tapping task provides support for a multipie
resource theory of information processing (e.g., Wickens, 1981). That is,
tapping variability was not arfected by primary tasks that utilized verbal
responses (e.g., Casali and Wierwille, 1983), or which did not impose much
of a burden on manual responding (e.g., the memory search and visual mon-
itoring tasks in Shingledecker et al., 1983), Dual task decrements (as
indicated by increases in tapping variability) are only evident when tap-
ping is perfermed with primary tasks that impose heavy demands on motor
response generation (é.g.. maze task, screw serting, and tracking).

RELIABILITY

Measures of reliabiivity such as test-retest have not been determined for
this task., However, Shingleaecker (1984) reports that subjects reach a
stahle level of tapping performance after 15 minutes of praci.ice. This
task shoild he evaluated for test-retest reliability and stability of per-
formance if it is to be used in repedated measures desiyns.

VALIDITY

The literature indicates that performance on the tapping task in a dual
task condition is diagnostic of the motor output 1oad imposed by the
primary task. That is, this task is related to a general construct of

motor response timing.

The tapping task was designed to bte used as a seconaary task. Therefore,
measures of predictive or concurraont validity for the tapping task as a
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stand alone task may not be meaningful. That is, correlating BTL with a
host of other performance measures may not be very fruittul since subjects
appear to be able to tap at a predetemnined rate (e.g., one per second)
with very little practice. However, the above statements are based on a
few studies that did not explicitly investigate the predictive or concur-
rent validity of the tapping task.

SENSITIVITY

This task has shown sensitivity in dual task expariments to primary tasks
that impuse demands on motor output performance. In addition, Johknson

et al. 11974) employed the tapping task (foot tapping) and visual signal
detection in & dual task combination to study the effects of carbon monox-
ide on performance. This study found an impairment in time shariny per-
formance as carbaxyhemoglobin increased. This was especially trie when the
signal detection task was demanding.

The above study represents the extent to which the Michon tapping task has
been utilized in behavioral toxicology research. in addition, the task has
not been employed in environmertal stress or druy research.

TECHNICAL DESCRIPTION

A paddie shaped key (approximately one and one half inches by three inches)
which operates & microswitch 1s used to perfcrin the tappiny respcnse. The
subject taps with the forefinger of the preferred hand., Intervals are
timed from the onset of one response to the onset of the next response.
Keybounce phenomena may be avoided in hardware or software design. In

. addition, intervals of less than 10 msec should be rejected as spurious

input,

Trial Specifications

This test does not involve the presentation of a stimulus, rather the sub-
ject generates key taps based on a rhythm of 1- to 3-taps per second. Each
test period lasts 3 minutes and will consist of the following steps:
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(a) a ready signal is presented on the CRT, (b) after the first tap, the
screen ciears and the messaye RESPONSES ARE BEING RECORDED is displayed,
(c) tne subject taps on the key at a steady rate for 3 minutes, (d) after
the 3 minutes have elapsed the screen clears and the message TEST IS OVER
is displayed. The above visual cueiny signals can he replaced with
auditory signals.

DATA SPECIFICATIONS

Unprocessea data for the task is a record of the duration in milliseconds
of each successive tap. Summary statistics include two measures of tappiny
performance: the standard deviation of interval durations and tne IPT
variability score (see formula on psge 230). Michon (1966) suggested the
[PT variability score because it corirects for the partial dependence of
error magnitude on interval duration. A lower IPT variability score indi-
cates more temporally reyular tapping and better performance. Typical IPT
variability scores range from 10 to 40 (Shingledecker, 1984).

TRAINING REQUIREMENTS

Practice tapping for 15 minutes is adequate for training (Shinglede.ker,
1984). Subjects should be instrurted to tap at a "personal rate” “etween
one and three times per second, ana to become as automatic as possible.
Initially, six 30-second practice trials should be run tn allow the subject
to establish and maintain an acceptable tapping rate. The experimenter may
need to coach the subject duriry these tri=ls, It is best if a 2-taps per
second rate is established early in traiaing so that subsequent drift in
tapping rate does not lead to unacceptable data. Four 3-minute trials
should then be completed to provide sufficient practice, for a total of 15

minutes ot training.

To summarize, the training phase for this test should consist of the

following steps:

1. Read instructions to the subjects.
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2. Run practice trials and evaluate subjects' pertonnance to ensure that
the instructions are being tollowed.

3. Repeat the practice trials if it appears that the subjects require
additional practice with the test,

4, Run the experimental trials. Note, if the tasks are being run over
several sessions on this test, one may omit the practice trials aftcr
the first session.

INSTRUCTIONS TO SUBJECTS

The purpose of the Interval Production Task is to test your timing abil-
ity. To do this, we will have yocu tap a key at a constant rate. 8y
repeatedly tapping the key you are producing time intervals between the
taps. The more consistently you tap the key, the more equal will be the
time intervals that you produce. Try to tap the kev softly, but make sure
that you press the key to the base on your taps. The best tappiny rate is
about 2-taps per cecond. We will do a few practice trials so that you can
tell about how fast that is. The tapping task is run in 3-minute peri-
ods. You wili be signalled at the beginning of the tapping period and

again when che 3 minutes have past.
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Sertion 21
STROOP TEST (UTC-PAB TEST NO. 20)
(INTERFERENCE SUSCEPTIBILITY TO RESPONSE COMPETITION)

PURPOSE

This test is a modified version of the classic color-word test developed by
Stroop (1935). The purpose of this test is to measure a subject's suscepti-
bility to response interference.

DESCRIPTION

During this test, bath color and noncolor words are presented one at a time
on a CRT screen. All words are displayed in the colors red, blue, or green
and the subject is required to press one of three coior coded keys that
corresponds to the color in which the word is presented.

Three versions of this test are available for selection and are designed to
produce different response time performance. The following represents a
brief asscription of the three test versions: (a) the Control Version of
this test contains three possible stimuli which are listed in Figure 18
under CWC (color-word congruent). This version of the test is intended to
be used with the Interference Version; however, it may be used by itself as
a choice reaction time task; (b) the Interference Version contains the six
CWI (color-word incongruent) stimuli presented in Figure 18. This version
represents the usual interference condition found in the Stroop color-word
test; and (c) the Combined Version utilizes the six CWI and six NW (neutral
words) stimuli presented in Figure 18. This version of the test represents
the usual procedure that is employed in the examination of respunse inter-
ference. That is, stimuli that are relatively free of response interfer-
ence (e.g., NW) are presented with those that produce maximum interference
(e.g., CWI). The difference in reaction time between CWI and MW is indic-
ative of response interference where such factors as stimulus encoding and

response generation have been equated.
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CwC STIMULI

BLUE, RED,, GREENg

CWI STIMUL]

BLUE,  RED,  GREEN,
BLUE,  REDy  GREEN,
N0 STIMULL
DOOR, HOUSE,
BUN, HOUSE,
DOOR,  GUNg

Figure 18, Color-Word Stimulus Combinations for the Three Types of
Stimuli [Note: The Lower Case Subscript Refers to the Ink
Color (r = red, b = blue, and g = green)]
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SACKGROUND

The original Stroop color-naming test (Stroop, 1935) required subjects to
name a series of color patches that contained incongruent color words
(e.g., the word "blue" in red ink), Relative to a contro! card (asterisks
in color, color patches, or neutral words on color patches), the above card
yielded much longer naming times. Jensen and Rohwer (1966) have provided
an extensive review of the Stroop literature including methodology,
research findings, and theoretical considerations. Much of their review
deals with individual differences in performance as these relate to other
perforinance and personality measures. On the other hand, the more current
review by Dyer (1973) deals with experiments which were designed to extend
knowledge of the Stroop phenomenon itself and experiments which utilize the
Stroor phenomenon to study uther problems such as word meaning, semantic
satiation, and hemispheric differences.

The Stroop color-word test has been administered under two general par-
adigms: (a) a continuous procedure where subjects are presented cards with
a series of color-words printed in incongruent ink colors (CWl), color-
words printed in congruent ink colors (CWC), color blocks (CB), noncolor
words printed in different colors (NW), or color-words printed in black ink
(BW) and are reguired to read the words or name the colors as quickly and
as accurately as they can; and {(b) a discrete prncedure where single stim-
uli (CWl, CWC, NW, CB, or BW) are presented for verbal or manual response.
Procedure (b) has the advantage of providing discrete reaction times for
each stimulus whereas procedure (a) results in a latency measure which is
an agygregate over a series of responses. Furthermore, procedure (a)
requires the careful construction of cards that centrol for such factors as
the frequency of occurrence of each ink color and color-word per line,
sequential repetitions of the same ink color or colar-word, "suppress-say"
(e.qg., the word "blue" in red ink followed by the word "yreen" in blue ink)
sequence, and "say-suppress" (e.g., the word "red" in blue ink followed by
the word "blue" in yreen ink) sequences.

The Stroop test has yielded a varizty of scoring procedures that fall into
iwo yeneral categories: (a) the basic time scores (e.y., CWI, CB, and BW),
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ond (b) derived scores based on the tasic scores. The most frequently used
derived scocres are CWI-CB and CB-BW. According to Jensen (1965), the
Stroop test contains three dimensions of variance. The three factors are
re:ferred to as Speed (SP), Color difficulty (Cd), and Interferencr (Int),
Jensen (1965) argues that condition BW taps Sp; condition CB taps Sp + Cd;
and conditinn CWl taps Sp + Cd + Int, Table 14 (adepted from Jensen and
Rohwer, 1966) shows th2 intercorrelations between hasic scores and two
derived srores for 436 s'ibjects, Note that the Tactors tnemselves (Sp, Cd,
and Int) have very low intercorrelations and the iarge intercorrelations
exist only between variables containing common factors. As can be scen,
CB-BW is assumed to tap Cd and CW!-CB taps Int.

TABLE 14, INTERCORRELATIONS AMONG STRUOP SCORES (N = 436)
ADAPTED FROM JENSEN AND ROHWcR (1966) '

Factors  Sp Sp+Cd Sp+Cd+lnt G It
Scores BW CB CWl CB-BW CWI-CB
BW -- .52 .43 -.07 21
CB .66 .82 .18
CWI .48 .86
CB-BW .Ub

There are two general hypotheses that have been proposed to account tor
color-word interference., The theories are the following: (a) response
competition, response conflict, or output interference; and (b) percentual

encoding or input interference.

The most prominent exnlanatior of color-word interference has been that ot
response competition or output interference (Drye-~, 1973; Flowers, 197%;
Keele, 1972; Posner and Boies, 1971). Briefly this thecry states that when
subjects are responding along a single dimension of a multidimensional
stimulus (e.g., Stroop colcr-word test), both the relevant and irrelevant
dimensions are automatically encoded. When the relevant attribute is ready
for output, there are twc or more (depending upon the number of dimensions)
responses ready, and only one must be selected; responses to the relevant
and irrelevant attributes compete for a single motor outlet (e.g., Klein,
1964; Morton, 1969). On the other hand, input interpretations of color-
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word interference suggests that interference results trom attempts to
selectively attend to and process only relevant information (e.qg.,
Treisman, 1969), or it results from a limited capacity for or the serial
processing of informaticn during input (Hock and Egeth, 1970).

Research employing physiological measures (e.g., averaye evoked responses)
has supported the output interference hypothesis. Duncan-Johnson and
Kopell (1981), using a Jdiscrete trials procedure of the Stroop task, found
Lhat response time varied with the congruence between the stimulus word and
the color in which it was printed; however, the duration of stimulus pro-
cessing, as indexed by P300 latency, remained constant. OUn the other hand,
P300 latency was affected by the discriminability of the ink colors; that
is, P300 latency increased as the ink colors were made less discrim-
inable. There is convincing evidence that the latency of the P300 ~ompo-
nent of the human event-related brain potential reflects stimulus
evaluation process that is independent of the time involved in response
production (Pritchard, 1981). Therefore, the above results suoport the
hypothesis that the Strooo effect (color-word interference) is primarily an
output, rather than an input phenomenon.

RELTABILITY

Measures of reliability are not available for the present version of the
test. However, Harbeson et al. (1982) report reliability data for condi-
tions CWl, CB, BW, BW-CB, and CWI-CB. Their study involved a group testiny
procedure where subjects respunded manually (i.e., pressed keys labeled
with the first letter of the color names) to the meaning of the words or
the color of the ink. The dependent measure was the number of words or
colors correctly identified in a 30-second period (there were 100 color
hlocks or color-words per card arranged in a 10 by 10 matrix). The average
performance (mean) for BW, CB, CWI, BW-CB, and CWI-CB were stable after six
days ot practice, while the variances were stable from the first day. The
reiiahility coefficients for conditions BW, CB, and CWI were .81, for the
derived scores BW-CB and CHI-CB were .22 and .23, rcspectively. Also
Jensen (1964} reported reliability coefficients of .48 tor BwW, .79 fur CB,
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and .71 for CWI. Jensen's study involved verbal responses to the -timuli

in the usual continuous paradigm (% = 436),

The proposed version of the Stroop test for the UTC-PAB menu difters pro-
cedurally from the above studies. For example, the UTC-PAB version o1 the
test will employ discrete trials whereas the above versions used continuous
paradigms. Therefore, the above reliability information may not apply
directly to the UTC-PAB version of the test.

VALTDITY

Apart fiom its considerable face "validity," the assumption that this is a
test measuring response competition (or conflict) is supported by hehav-
ioral research (e.g., Dyer, 1973; Filowers, 1975; Keeie, 1972; Posner and
Boies, 1971). In addition, research employing physiological measures has
also supported a response interference interpretation of the Stroop etfect
{e.g., Duncan-Johnson and Kopell, 1981; Warren and Marsh, 1979).

The Stroop interference effect (CWI-CB) has been correlated with a wide
variety of perceptual, memory, and intelligence tests. Jensen and Rohwer
(1966) report that the Stroop interference factor has not been shown tu
significantly correlate with measures of intelligence; howover, the inter-
ference factor has been shown to he signiﬁi;antly correlated with diyit
span (r = -.28) and serial learning of trigrams {r = .43). In addition,
the interference factor has been shown to correlate siyniticantly with per-
formance on size estimation, rod and frame, embedded ftiyures, and a tield-
dependence index (Gardner et al.,, 19bY, cited in Jensen and Rohwer, 1Y6b6).
However, the correlations were only statistically significant ftor the

female subjects (r ranged from .37 Lo .67).

The above data indicate that the Stroop interterence effect is reiated to a
diverse set of other psychelogical variables, althouyh nearly always yuite
low. This suggests that whatever processes are tapped by the Stroop test,

they are of a very basic and hroad significance.
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SENSITIVITY

The Stroup test has been used extensively in the area of drug research,
Jensen and Rohwar (1966) report the results of a variety of studies which
indicate that stimulant drugs (e.qg., methamphetamine, imipramine hydrochlo-
ride) improve performance (i.e.,, dercrease the magnitude of the interference
eftect), while depressants (e.g., amobarbitul) and psychotomimetics (LSD)
have the opposite effect. Furthermore, nicotine has been shown to decrease
the interference effect (e.g., Wesnes ard Warburton, 1978), while scopol-
amine and atropine increase it (e.g., Calloway and Band, 1958; Ostfeld and
Arugquete, 1962). Finally, the Stroop test has been shown to be sensitive
to age and psychiatric disturbance (Jensen and Rohwer, 1966).

TECHNICAL DESCRIPTION

The test will contain color words or noncolor words displayed in one of
three different colors: red, blue, and yreen, The stimuli will be pre-
sented one at a time on a CRT screen, subjects will classify the stimuli on
the basis of color by pressing one of three colored keys. The test will
contain three types of stimuli: (a) color words--red, blue, and green
printed in the color they name (CWC); (b) color words--red, blue, and green
printed in a color which does not match the meaning (CWI); and (c) neutral
words--gun, door, and house printed in red, blue, or green (NW). There
will be three stimuli for CWC, six for CWI, and six for N¥. The stimuli for
these conditions wera presented in Figure 15, The following is a descrip-
tion of the three vercions of this test which will be available.

Coutivi Condition (Version 1)

This condition will contain three possible stimuli (the three CWC stim-
uli). Each stimulus will be presented 12 times, yielding a total of
36 trials., The 36 stimuli will be presented in a random order.
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Interference Condition (Version 2)

This condition will contain six possible stimuli (the six CWI stimuli),
Each stimulus will be prasented six times, yielding a total! of 36 trials.
The 36 stimuli will be presented in a random order,

Combined Condition (Version 3)

This condition will contain 1% possible stimuli (six CWI and six NW stim-
uli). Fzch CWI and NW stimulus will be presented six times, The /¢ stim-
uli will be presenited in random order.

Trial Specifications

For all conditions, the stimulus will remain on the screen until the sub-
ject makes a response. Immediately following the subject'é‘ro§30nse, the
screen will blank until the next trial. There will be a brief inter-
stimulus interval (ISI) following the conclusion of one trial and the
beginning of another trial. The length of this ISl will be randomly deter-
mined; however, it will fall within the limits of 1 to 3 seconrds. If the
subject presses a response butiton duriny the IS, the message "DU NUT PRESS
THE RESPONSE BUTTON UNTIL THE WORDS APPEAR" will be displayed for 5 sec-
onds. The stimulus wili be presented on the screen such that it will be
centered both horizontally and vertically., The letters in the stimulus
word will all be in upper case and will be 1 inch tall. The response
manipulandum will be a box, separate from the keyboard, that has three but-
tons arranged in a horizontal row. One button will be colored red, one
button will be colored blue, and the remaining hutton will be colored
green, The buttons will he approximately 1 inch in diameter and will
require 3 to 7 ounces of pressure to depress. Response latency (the periud
of time immediately following stimulus presentation up to the subject's

response) will be measured with less than 1 msec error,
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DATA SPECIFICATIONS

For each trial the response latency will be recorded. Tne button pressed
by the subject, the actual display color, and whether the trial was a CWC,
CWL, or NW stimulus will be recorded for each trial. The following summary
statistics will be provided for the response latencies; mean, median,
range, and variance. In addition, the total number of correct responses
will be determined. For the Control Condition the above statistics will be
based on 36 trials employing CWC stimuli, For the Interference Condition
the above statistics will be computed for the 36 CWI stimuli. Finally, in
the Combined Condition the above statistics will be computed separately for
the CWl and NW stimuli. Provisions will be made for the user to easily
examine the individual trial data when desired. Provision will also be
made for obtaining hardcopy printout of both the individual trial data and
the summary data.

TRAINING REQUIREMENTS

The first phase of the test will consist of presenting the instructions to
the subjects, The instructions are written so that they can apply to any
of the three test versions, These instructions should be read to the
subject before the start of the training trials.

Following the instructions, subjects should be presented with a minimum of
10 training trials {per test version). The nature of tne training trials
wili depend upon the condition that is being run: (a) the lontrel Condi-
tion will involve 10 réndomly selected CWC stimuli; (b) the Interference
Condition will involve 10 randomly selected CWI stimuli; and (c) the Com-
bined Condition will involve five NW and five CWI stimuli that are randomly
chosen, If, on the training trials the subject presses the wrong response
button, the message "PRESS THE BUTTON CORRESPCNDING TU THE DISPLAY COLOR"
will appear for 5 seconds. Fellowing this message the sane trial will be

presented again,

The experimenter should carefully evaluate the subject's performance during
the training trial to insure that the instructions are being followed. For
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example, subjects should be reminded that they are to respond as quickly
and as accurately as possible.

To swnmarize, the training phase for this test should consist ot the
followiny steps:

l. Read instructions to the subjects.

2. Run practice triais and evaluate subjects' performance to ensure that
the instructions are beiny followed.

3. Repeat the practice trials if it appears that the subjects require
additional practice with the test,

4. Run the experimental trials. Note, if the tasks are being run over
several sessions on this test, one may omit the practice trials after
the ¥irst session.

INSTRUCTIONS TO SUBJECTS

This is a test on the speed and‘accuracy of decision making. (Note:
inscructions in parenthesis apply to the combined version,) In this test
you will be shown words printed in different ink colors., The words will be
BLUE, RED, GREEN, (BLUE, RED, GREEN, DOOR, GUN, HOUSE) printed in one of
the following colors; blue, red, or green. Your task will be to respond to
the ink colors while ignoring the meaning of the words.

In this test, the words will be shown one at a time in the center of the
CRT screen. Each trial will have the following steps: (a) a blank white
field wi'l be shown for about 1 to 3 seconds, and (b) a word printed in one
of three colors will be presented. You are to respond to the stimulus by
pressing the key with the rolor patch which matches the ink color ot the
stimuelus., For example, if you were to see the word BLUE printed in red,
you should quickly press the button with the red color patch. After you
respond, the word "CORRECT" or "INCORRECT" will be displayed on the CRT for
a brief moment. Foliowing the feedback, the screen will clear and the
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above sezuence will be repeated (i.e., hlank field, stimulus word,
feedhack ),

For this test it is very important that you raspond a¢ quickly and as
accurately as you can, The number of errors that you make and the speed
with which you make your decisions will be recorded.




Secrion 22
DICHOTIC LISTENING TASK (UTC-PAB TEST NO. 21)
(AUDITORY SELECTIVE ATTENTION)

PURPOSE

This test evaluates information processing resources dedicated to auditory
selective attention,

DESCRIFTION

Subjects are required to attend to a list of letters and digits that is
being presented tc one ear whil2 ignoring similar information beiny pre-
sented to the other ecar. 5udjects are to respond to the numbers presented
on the command ear channel by pressing corresponding number keys on a key-
pad in the order of their occurrence in the auditory message. Upon the
rresentation of a specified auditory cue in the attended ear, the subject
2ither rapidly switches attention to the previously unattended ear or main-
tains attention to the previously attended ear, depending upon previous
instructions. Responding as per the current command ear is continued
throughout. The ear which is to be the command ear at the start of the
task is determined by the experimenter, The stimuli are produced by a
computer controlled speech synthesizer and are presented over dual channel
headphones.

BACKGROUND

Development of UTC-PAB Version of the Dichotic Listening Task

This task has been developed as a result of the importance of selective
attention resources in anrplied situations. For example, Gopher and
Kahneman (1971) point out that the failures of many flight cadets can be
traced to their inability to appropriately divide attention among concur-
rent signals. Gopher and Kahneman also assert that most studies dedicated
to the investigation of auditiry seiective attention utilize dichotic




listening (Broadbent, 1958: Moray. 1969Y; Neisser, 1967; Treisman, 1964,
1969).

However, the use of dichotic listening tasks in these investigations has
not led to the standardization or tests using this method. In other words,
according to Gopher and Kahneman (1971), the inconsistency among dichotic
listening tasks has made it difficult for these studies to have significant
impact on the problems concerning selective attention in applied set-
tings. Thus, Gopher and Kahneman deveioped a dichotic listening procedure
that attempts to provide information which can shed some light on the
selective attention process as vtilized *n applied ceitings (e.qg., flying
of high performance aircraft), It is this procedure from which the UTC-PAB
version of the dichotic listening paradigm was developed.

To summarize the specific paradigm of Gopher aid Kahneman (1971): a series
of 48 pairs of different messages is presented simuitaneously to cthe two
ears. The items presented to each ear are digits and unconnected words,
and the rate of presentation is two items per second to each ear. One of
the two messages is designated by 4 tone as relevant; the subject's task is
to repeat immediately all digits in the relevant message. Part 1 of the
messaye lasts 8 seconds, during which either two or four target diyits are
presented to the relevant ear. A second tone is then presented to indicate
which ear is relevant in Part 2 of the message. (n half of the occasions,
the same ear is relevant in both Part 1 and Part 2., Either immediately
after the reorientation tone or after the interpolation of one of two
irrelevant items, three pairs of simultaneous digits are successfully pre-
sented to the two ears, and, as in Part 1, the subject's task is to report
the three digits which have been presented to the relevant ear. Gopher and
Kahneman utilized this procedure to obtain experimenta! results from two
groups of subjects. The first group consisted of 100 cadets in flight
school, early in their training while the second group consisted of 95
ptlots on regular duty. These results provided considerable validation of
the oricinal expectations of Gopher and Kahneman; that is, performance on
this task was found to be very predictive of the level of flight success
achieved by each of these subjects (see section on Validity). Errors asso-
ciated with this task can be classified as errors of omission (the tack of




2 a response when onv is required) or errors ot intrusion (the commission ot
= an inappropriate response). The subjects of Gopher and Kahneman were tound
to commnit many more errors of omission than errors of intrusion. Thus, it
was the omissions data which were incorporated into the analyses which
indicated a relationship between task performance and flight svccess, vale-
idating tne original experimental rationale of Gopher and Kahneman (see

# section on Validity).

.. =3

“ The Dichotic Listening Paradigm: An Overview

" The dichotic 1istaning paradigm (i.e., subjects are presented with a dif-
ferent stream of verbal information in each ear) was originally developed
g by Cherry {1953) in an attempt to provide a degree of resolution Lo the
_LE "serial versus parallel processing" issue. The resuits of the Cherry

’ experiment implied that the processing of information is predominantly

serial; in fact, Broadbent's (1958) well known single-channe! "Bottleneck"

' 5, model of attention is largely based on the results of dichotic listering
i studies such as those of Cherry frum the 1950s. The paradigm utilized by
Cherry was as follows: subjects were fitted with headphcnes through which
two dirferent streams, one to each ear, of verbal information were deliv-
S ered. Subjects were asked vo "shadow" (repeat the message aloud as it is
4 delivered) only one of the streams. Thus, attention is directed at one of
the messages and not at the other. The hypothesis is that evidence against
a sertal processing model and for a parallel processing model would be pro-
vided if it i{s shown that semantic aspects of the nonattended channel were

;i processed.

r The results obtained by Cherry (1953) supported the formuiation of a serial
~$ processing model. Subjects were unable to recall any aspects of the
’.&l meaning of the nonattended message. Cherry concluded that nonattended

v material is not processed at a semantic level. This interpretation was

Q} shared by Broadbent in the formulation of his model which proposed that the
i devotion of attention to one specific source of information eliminates the
¢ paotential for the processing of cther informetion. [t was not long before

contradictory evidence began to appear, however.
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Evidence for the existence uf parailel processing was documented as early
as 1959 when Moray found that subjects were aware cf the presentation of
their own name in the nonattended message. Apparently, then, infomation
that receives little or no attention is, nevertheless, monitored for speci-
fically targeted information (e.g., one's own name, a familiar name, a
topic of !nterest). There must be at least a very temporary awareness of
the semantic nature of nonattended material.

The work of Treisman (196G, 1964) provides further evidence of this prem-
1se. Treisman (1960) employed a dichotic listering paradigm in which the
two messages were semantically similar. Again, subjects were instructed to
attend to only one of *the messages (ears). In this situation, subjects
vere found to inadvertently switch ears and shadow the nonattended mes-
sage. Apparently, the btrain monitors the m2aning of nonattended material
all along, and if this material is semantically well-fitted to the attended
material, it is automatically introduced into awareness, disrupting a sub-
ject's ability to meintain performance as per his instructions.

Treisman (1964) provided further evidence for semantic processing of
nonattended information., This study utilized a group of bilinguals as sub-
Jects. These two messages were, once again, semantically similar., How-
ever, they were in different languages. Subjects' performance was
disrupted in a fashion similar to Treisman (1960). Tihis demcnstrates the
salience of the semantic monitoring ot nonattended material. The semantic
nature of information can "trigger" it into an individual's awareness, even
if the information is in a different language than the material which is

beiny attended.

These findings obviously called for the development of attention models
that differ greatly from that of Broadbent (1958). Such models were estab-
lished by Treisiman (1964) and Neisser (1967). These models describe atten-
tion as a paralle! process rather than a predominantly serial process as
per Brouadbent (1958). To s'mmarize these models: all streams of incominy
intormalion are constantly monitored. The individual actively select< the
material which will receive his/her attention., Once a given stream of
intormation is bainy attended, an individual wmay be relatively unaware of
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other materjal, but the brain is, nevertheless, actively monitoriny this
matertal for salient, targeted information. From these parcllel models ot
attention, then, arose the concept of selective attention; that is, indi-
viduals actively acceot some inputs and reject others,

Much research has been devoted to the investigation of this selective
attention process, Most findings cenform to Treisman's original wmodel
which asserts that selection can operate on two general levels: (1) in
terms of physical characteristics of the stimuli, and (2) in terms of the
semantic nature of stimuli, The seierction process required in the UTC-PAB
dichotic listening task falls into the first categcry, as this type of
selective attention activity resembles that which is required in many
applied settings; that is, a specific discriminable (based on its physical
characteristics) signal calls for a change of attentional and behavioral
focus. Much of the research related to this process is irrelevant with
reference to the development of the UTC-PAB version of the task. The char-
acteristic of this procass which seemed salient to Gopher and Kahneman
(1971) in their development of the task is that performance is often char-
acterized by substantial individual differences. [t seems logical that the
ability to quickly and accurately switch one's focus of attention would be
a valuable skill involved in the flight of aircraft., This has been shown
to be the case {(Gopher and Xahneman, 1971; Copher, 1982), and therein lies
the practical valus of the UTC-PAB version of the dichotic listening par-
adigm.

RELTABILITY

Reliability data on this task are not abundant. However, in their investi-
gation of potential components of high level skill, Keele and Hawkins
(1982) provide information which implies that the UTC-PAB version of
dichotic listening is characterized by sufficient reliability. This piece
of research was dedicated to the investigation of the performance of hiyh
level skills., Efficient utilization of selective attention is considered
to be such a skill and, thus, performance measures on the Gopher and
Kahneman (1971) task were obtained by Keele and Hawkins, Scores were also
obtained for six other procedures that are also representative ot "higyh




level skill." Intercorrelations were performed among these scores associ-
ated with the various tasks. Also included in this set of data were cor-
relations between sessions of the same task; that is, reliability values
were ohtained for each of these performance scores. The reliability value
associated with error scores on the dichotic listening task is very high

{r = .92). However, hecause the assessment of task reliability was not the
impetus of this study, this value must be viewed with caution.

In sumnary, though such data are scarce, there are indications that this
task may be characterized by a sufficient, and possibly a very yreat deyree
of reliability. That is, only one study was found that addressed the issue
of test-retest reliability (Keele and Hawkins, 1982), and this study was
not specifically designed to investigate the reliability of the dichotic
listening task. Additional studies that focus on the reliability of this
test need o be conducted in order to provide conclusive avidence regarding
test-retest reliability.

VALIUITY

As has heen mentioned, the specific parameters of this task were developed
by Gopher and Kahneman (1971) in response to their perception of selective
attention as a vital component of flight success. Gopher and Kahneman
(1971) have conducted an analysis to test the validity of this assertion.
In other words, is performance on this task truly related to the subsequent
success of a flight caedet?

To answer this question, Gopher and Kahneman conducted a follow-up study on
the careers of tne 100 cadets who had participated in the development of
the task. The career progress of these cadets was divided into three cate-
gories: (1) 17 cadets were rejected during initial trainiag on light air-
craft, (2) 41 cadets were rejected carly in training on jet aircraft, and
(3) 42 cadets reached advanced training on jet aircraft. This three-point
criterion was correlated with previously chtained performance measures on
the dichotic listening task. Several sigrificant correlations were

found. Most notable was the correlation between this three-point flight
criterior and number of omissions, which seems to indicate a high degree of

255



predictive validity associated with this task in terms of subsequent tlight
performance (r = .26, p < ,91). This is especially true on Part 2 ot the
task (i.e., following the tone) where the occurrence of three omissions
appears to he a yood cut-off point with respect to the three-point ot
flight criterion. In fact, 76 percent of the candidates rejected during
tra’ning on light aircraft, 56 percent of the candidates rejected early in
jet training, and 24 percent of the candidates in the highest criterion
category committed three or more omission errors in Part 2 of the task. It
is apparent ihat this task represents an indeptadent contribution to the
predicticn of success in flight training. This was reinforced more
recently by Gopher (1982) in his investigation of several potential pre-
dicters of flight training sucress. This dichotic listening task proved to
be the strongest predictive factor included in the investigation.

SENSITIVITY

[nvestigations of the sensitivity of dichotic listening performance have
traditionally involved two general categories of variables: subject var-
iables and stimulus variables. Dichotic listening tasks are not typically
included in the study of environmental stressors, nor are they used often
in dual and secondery task paradigms. This is due to the theoretical hack-
ground from which this task was developed. As has been mentioned, selec-
tive attention is the underlying construct associated with this task. Two
salient features of selective attention (as determined via the utilization
of dichotic listening and various other paradigms) are a relatively high
degree of variability among individual subjects, and a substantial degree
nf importance in terms of performance in many applied settings (e.y., fly-
ing of aircraft, driving a car). Thus, most studies involving dichotic
listzning tasks have focused on the following areas: (1) determining
characteristics of individual subjects that help predict the efficiency of
a given subject's utilization of selective attention, and (2) determining
characteristics of stimulus presentation that enhance the effectiveness ot
selective attention resources.

Subject characteristics which are related to dichotic listening pertormance
include psychopathologica® status (Bush, 1977; Hemsley and Richardson,
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1980), auditory evoked potentials (Schwent, Snyder, and Hillyard, 1976),
and performance on various other perceptual information processing tasks
(Mihal and Barrett, 1976). Bush (1977) and Hemsley and Richardson (1980)
have found strong relationships between dichotic listening performance and
schizophrenia; that is, schizophrenic subjects perform significantly worse
than normal subjects on dichotic listening tasks. In fact, Hemsley and
Richardson report that the relationship between schizophrenia and perforu-
ance on such tasks can be described as a continuum, as performance beccmes
progressively worse with the severity of the schizophrenic disorder., This
finding is in accordance with the widely accepted notion that schizophrenia
is characterized by the inability to distinguish relavant information from
irrelevant information, Thus, dichotic listeniny paradigms are useful in
the arena of psychopathology.

The cognitive capabilities of subjects are also related to dichotic lis-
tening performance. Research by Mihal and Barrett (1976) represents an
attempt to formulate an information processing model of driver decision
making. The validity of tuis model is not the central issue in this dis-
cussior, however. The salient feature of this research from the frame of
reference adopted here is the set of intercorrelations among the cognitive
tests employed in this study. Correlations between dichotic listening per-
formance and performance associated with Tour other perceptual information
processing tasks are highly significant in the positive direction., These
four tasks are as follows: (1) a rod and frame task, (2) an embedded fig-
ures task, (3) a choice reaction time task, and (4) a complex reaction time
task. Interestingily, all of these tasks are similar to dichotic listening
in at least one respect: they all require some deygree of efficiency with
respect to selective attention resources. In all cases, subjects must at
some point focus attention only on the relevant aspects of the stimuli it
they are to perform well. This study showed that there were significant
individual differences in performance of the dichotic listening and other
tasks and, in addition, it also implied that such differences associated
with many tasks probably share a common source; effective continuous
attention allocation. Performance on any of these tasks is probably
predictive of performance on any of the others., This knowledge could be
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valuable in terms of selection of personnel for various tacks in applied
settings.

Physiological characteristics are also related to dichotic listening per-
formance. Schwer.t, Snyder, and Hillyard (1976) investigated the relation-
ship between averaged auditory evoked potentials measured from the scalp
and dichotic listening performance and found the ampl!itude of the N, com-
ponent of the auditory evoked potential to be a reliable index of the dis-
tribution of selective attention between auditory channels (earsj. The
latency (following the stimulus) associated with the initial appearance of
this component is noticeably variable across individuals. Perhaps this
latency has some bearing on the eventual effectiveness of an individual's
utilization of selective attention (Schwent et al., 1976).

Among the stimulus variables which have been found to affect dichotic
listening performance are pitch (Schwent et a!. 1976), localization (i.e.,
spatial separation; Schwent et al., 1976), semantic chari:teristics (Moray,
1959; Treisman, 1960, 1964). .ad linguistic cnaracteristics (i.c.. the
language of a given message; Magiste, 1984; Treisman, 1964). There is 2
central point of commonality amcng al! of these studies; that i1s, respec-
tive enhancements of performance based on the manipulation of each of these
variables can be traced to one general principle. This principle is one of
contrast. When a subject is preseated with more than one auditory message,
Fe/she will be able to more efficiently focus on the attended message if
the attended message and/or the cammand cues are readily discriminrable from
the nonattended material either in terms of pitch, localizdation, semantic
nature, and/or li'nguistic nature.

TECHNICAL DESCRIPTION

Parameters for a 36 trial UTC-PAB version of dichotic listening are as fol-
lows: two computer controlled speech synthesis devices are used, one for
each auditory channel. Auditory stimuli are presented via dual channel
headphones at 75 db/L Q (RE: 20 P). The duration of each individual stim-
ulus (letter or digit) is 0.7 seconds; an entire trial required 26.8 sec-
onds: and a block of 36 trials (preceded by six practice trials) takes
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approximately 20 minutes. Each trial is divided into two parts. Part 1
consists of the presentation of letter and digit sequences to each ear.
Digits are rever presented simultaneously to the two ears, and no diyit is
repeated in either sequence. Any simultaneous presentations of stimuli to
the two ears consist or identical or dissimilar letters, or a letter to one
and a digit to the opposite ear. Part 2 of each trial is initiated by a
comrand indicaiing which message (right or left) is to be attended by the
subjert, The rate of stimulus presentation is one letter or digit per

0.9 seconds. Three examples of a UTC-PAB dichotic listening trizl are
depicted below:

(h _ L L
Part 1
Left ear: R8NSMY2Z2GB7FLOERLS
"Right" (Channel to be attended command)
Right ear: YL 3SR A4FZI9XFOFNIL
Part ¢
Left ear: BF 4379
"Left" (Channel to he attended command)
Right ear: GL 1 56 2
(2)
Part 1
Left ear: R8P NZORNYSNYGELLF
"Right" (Channel to be attended command)
Right ear: F G P 3 F I MBGLSE XUMAY
Part 2 ‘

Lett ear: B 6 6 N1
"Right" (Channel tu be attended command)
Right ear: F P 2 3 Y
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left ear: B1IMNBFSSR3IROGEBY9 20
“Left" (Channel to be attended cummand)
Right ear: FXF 2 9P 4 SNPRXBG6G?7
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Part 2
Left ear: 8G X4 F 1

"Right" (Channel to be attended command)
Right ear: 2 0 5 38 S

- e e a  m e e n e W e

Subjects are required to respond only to the numbers fram the attended
channel by pressing corresponding numbered keys on a keypad.

DATA SPECIFICATIONS

Gopher and Kahnanan (1971) utilized two measures of raw data: (1) number
of intrusion errors (reporting of inappropriate digits), and (2) number of
omission errors (failure to report the appropriate digit)., The countinued
utilization of these measures in future andalyses would seem to be advanta-
geous due to their observed positive relationships with task reliability,
validity, and sensitivity. Because the construct under investigation is
selective attention, these measures are examined as follows: tne effi-
ciency of resources devoted to selective attention can be evaluated by
comparing perfonnance measures obtained during Part 1 with those obtained
during Part 2. The nature of any errors in Part Z can also be of interest
with reference to the efficiency or lack of efficiency of attentional
resources, In fact, Gopher and Kahneman (1971) have found that errors in
Part 2 can often be attributed to one of three sources (Gopher and
Kahneman, 1971): (1) incomplete correct series; all responses are taken
from the appropriate message, but some omissions are present, (2) series of
mixed origin; some responses are appropriate, but some intrusion errors
exist which can be traced to the "nonattended" messaye, and (3) series
taken from incorrect ear; nearly all responses are errors of intrusion
which can be traced to the "nonattended" message. The relative frequencies
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of occuirrence of these three error sources can be provocative with refer-
ence to the allocation of gelective attention resources.

Summary statistics sucn as weans, maxima, minima, and standard deviations
ran be computed from these raw data.

TRAINING REQUIREMENTS

Subjects are told that this is a test of their ability to attend to a sin-
gle message when a potentially distracting second message is present. They
are then given the instructions and are stepped through the procedures
inherent to these instructions. Following the presentation of the first
two paragraphs of the instructions, subjects should be fitted into the
headphones with the red tag goinyg on the right ear. Tren two practice
trials should be performed, At this pcint, the experimenter should care-
fully evaluate the performance associated with these two trials to «nsure
that the subject understands the task and is following the instructions.

If so, the final four practice trials and the 3% experimental rrials can be
completed. The mostc important aspert of the instructions to be emphasizeu
is that the subjects are .0 attend to the digits embedded in the attended
message, and that “0" is not a “zero."

To sunmarize, the training phasc for this test should consist of the fol-

lowing steps:
. Read instructions to tha subjects.,

2. Run gractice trials and evaluate subjects' performance to ensure that
the instructions are oeing ful lowed.

3.  Repeat the practice trials it it appears that the subjects require
additional practice with the test,

4. Run the experimental trials. Note, if the tasks are beinyg run over

several sessions un this test, one may omit the practice trials after

the first session.
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These are minimal traininc requirements for this task. Ferformance has
usually stabilized following the six practice trials.

INSTRUCTIONS TO SUBJECTS

This task involves the simultaneous presentation o! two series of ietters
and digits; one series is presented in each ear. Your task is to concen-
trate your attention on the letters and digits you hear in a particular ear
and to record only the digits heard in tkhat series. The ear you must con-
centrate on is called the "target ear" and will be clearly defined as
“right" or "left" before each series begins.

To better familiarize yourself with the task, put on your headphone . and
listen to a practice trial. Listen for the command "riynt" or “lett.”
Then, listen for the digits interspersed among the letters cominy through
that particular ear. The tape will begin momentarily.

The "right" or "left" command that you heard at the beginniag of each
series designated the ear you would have coacentrated on during an actual
test trial, Did you hear the digits embedded in the striny of letters?

You will now actuclly perform practice trials 1 and 2. Press the vumbered
key on the keypad that corresponds to the digits you hear through the tar-
get ear. Remember to record only the digits you hear in the target ear anc
that "0" is not a zerov., Let me repcat that "0" is not a zero.

Okay, try the first two practice trials., Atterward, we will discuss any

problems you may have had.

Now, you will complete four more practice trials. After these are com-
pleted, immediately prepare for a regular test series of 3o trials. The
entire testing process will take approximately 20 minutes. If you have no
further questions, we will start now. Stand by.
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Section 23
UNSTABLE TRACKING TASK (UTC-PAB TEST NO. 22)
(MANUAL RESFONSE CONTROL)

PURPOSE

This task tests information processing resources dedicated to the ex2cution
of rapid and accurate manual responses.

QESCRIPTION

Supjects are required to view a video screen which displays a fixed target
area at the center, A cursor moves vertically from this target while the
operator attempts to keep the cursor centered over the target via rotary
movement. of a control knob., The system is inherently unstable; operator
input introduces error which the system magnifies so that it is increas-
ingly necessary to respond to the veiocity of the cursor movement as well
as cursor position. Based on two tracking performahce measures (average
ahsolute tracking error and number of control losses) and a subjective
measure {task difficulty ratings), three reliably different demand levels
have heen established by Shingledecker (1984) via systematically varying
the degree of instability in the system; that is, the rate at which the
cursor moves away from the target in rad/seconds. This value is repre-

sented hy A (Lambda).

BACKGROUND

This task was originally developed by Jex, McDonnell, and Phatak (1966).
Jex et al. (1966) point out that the mecre basic origins of this task came
about as a result of work in the analytical treatment of aircraft handling
qualities. Cited is the work of Ashkenas and McRuer (19%9) who computed
just-controllable aircraft short-period static instability, and established
its strony relationship with operator (pilot) effective time delay. That
is, increased rate of system error associated with control tasks produces
corresponding increases in the operator's internal delay in processing and
responding to the disturbance. Subsequently, it was reported that control

263

AL AN M LA PN A A S AT O L TN S | P L B A e A S 3 Pt A P A AN A P s M AVBEIENIEY B A BT T S B MR RN N N S A Y A YA . r e ve.y




108s occurred at the same static instability level for three test pilots
(Jex and Cromwell, 1961). These findinos resulted in a more extensive
investigation of the measurement and dynamics of manual control bhehavior,
The impetus for the development of a reliable, internally valid control
task to bhe used in applied research settings had been provided, The main
objectives of Jex et al. (1966) were, thus, to develop such a task and to
experimentally validate the assumptions underlying a model of human control
behavior,

Because tracking benavior involves input, translation, and output mech-
anisms, approaches to modeling such behavior have borrowed techniques from
Fourier analysis and linear feedback contrcl theory. Tracking performance
can be described reasonably well by linear differential equations, Such
equations are aptly called "transfer functions" and have been incorporated
into a class of models referred to as quasilinear models of the human
operaior due to the fact that these models contain a linear component and a
nonlinear component, Man's response to tracking input signals is nonlinear
but it can, nevertheless, be approximated by a transfer function called the
“describing function,” plus the separute nonlinear component called "rem-
nant." The value of the quasilineai' approach stems from the fact that
these models contain parameters that seem to correspond to specific char-
acteristics of human control bhehavior in man-machine systems (e,y., time
delay which reflects operator information processing, and gain which seems
to reflect some higher level cognitive activity. Both will be discussed in

more detail.)

A relevant example of such a model is the "crossover model" (McRuer and
Jex, 1967) which employs a two-parameter (effective time delay and gair)
describing function to model the proportion of the subject's response that
is linearly correlated with the input signal (Figure 19, as depicted by
Wickens, 1976, p. 3). As implied in the figure, this describing function
takes the form 0 (t) = Kge (t - 1 o), where o (t) represents a subject's
output at time (t), K represents a subject's gain, and e (t - v ,) repre-
sents the input to the subject, or systen error, seconds before, Thus, ¢ ,
represents the subject's effective time delay; that is, the subject's
internal delay in processing the tracking signal,
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Figure 19, Block Diagram of Quasilinear Crossover Model
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As has heen mentioned, the effective time delay tern measures the subject's
internal delay in processing the tracking signal, This meacure has hoen
found to be somewhat analogous to discrete reaction tima \Wirkens, 1976);
it is simply the {ime interval between the irtroduction uf system error and
the subject's emitting of an appropriate resgonse to the error.

The gain parameter, Kgs 15 2 measure of how large a corrective movement a
subject will make in response to a given system error. Sutjects who
exhibit high K values tend to make relatively large amplitude contr-|
movements, leading to more osciliatory tracking behaviar under some cir-
cumstances, Also, practiced subjects can adjust their gain to specified
levels. In these respects, it can be said that perhaps gain represents
something of a response bias, reflecting higher level cognitive processes
(Wickens, 1976).

The key characteristic of the unstable tracking task is the positive fteed-
back loop; that is, the inherent instability of the system. Once the sys-
tem detects a control error, it will generate a proportional output error
velocity whose value is determined by the gain. Unlike typicai "purpose-
ful” control in which this velocity is subtracted from the existing error
hy negative feedback, positive feedback adds tne velocity to the error,
increasing the rate of error movement away from the target. Wickens (1984)
likens this to the dynamics of a balanced stick. If an error from the
vertical is introduced, the stick will begin to fall, and the rate of
falling (increase in error) will increase as it falls. In other words,
within the positive feedback system, a subject's gain adds to the rate of
system error. This is not true of negative feedback systems. It is espe-
cially integral to this task because it encourages subjects to make very g

precise, corrective movements.

Whilae humans are better designed to deal with the properties of a negative
feadback system, positive feedback loops are characteristic of many complex
dynamic vehicles. These systems are potentially hazardous in that they
necessarily require constant attention. For these reasons, it is important
to understand the interrelationships of the elements of the describing
functions associated with critical tracking behavior. And, the obvious
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potential practical applications associatcd with this task render it a good
candidate for utilization in dual task rcsearch and in the evaluation of
environmental stressors and drugs on performance,

The UTC-PAB version of the unstable traching task was designed with the
following guidelines: (a) fhe unstable tracking task is based on a model
of human information processing which posits three primary stages of pro-
cessing and assuciated resources dedicated to perceptual input, central
processing, and motor output or response activities (Shingledecker,

1984). The above model is based on multiple resource (Wickens, 1984) and
processing stage (Sternberg, 1969) theories of human information process-
ing. The unstable fracking task is assumed to laigely tap motor output
resources while minimaliy engaging perceptual input ard central processing
resources. An especialiy strong case can be made for this assumption since
operator output directly influences the display. The operator is placing
constant demands on motor output resources. (b) The actual nature of the
present task was determined empirically in the test development phase by
Shingledecker (1984). This research demonstrated that. based on twn meas-
ures of tracking performance (average absolute tracking erro~ and number of
contrel losses) and subjective difficulty ratings, three reliably different
demand levels are produced by lambda values of 1.0 (low demand), 3.0 (mod-
erate demand), and 5.0 (high demand). Integrated tracking error scores and
subjective ratings for these task conditions are presented graphically in
Figure 20 (Skingledecker, 1984).

The fact that the task presents three increasingly difficult levels of task
demand (associated with the three preccribed lambda values) has proved to
make it especially amenable for dual task research. Shingledecker, Acton,
and Crabitree (1983) evaluated the utility of performance on an interval
production task (IPT) as a workload metric. Unstable tracking was one of
the tasks employed in a dual task paradigm with the IPT. Three reliably
different lambda values were employed to systematically manipulate task
demand. The IPT did not interfere with tracking performance; that 1s,
there were no siynificant differences from baseline tracking performance.
However, there were systematic IPT variability increases associated with
increases in tracking task demand. IPT scores were not affected by tasks
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which tap perceptual and central processing. Shingledecker et al. (1983)

interpreted these findings as evidence that the unstahle tracking task and
the IPT place demands on resources devoted to motor responses and are not

significantly related to perceptual or central processing. These findings
are consistent with the multiple resource model of Wickens (1984).

RELIABILITY

The reliability and stability of critical tracking tasks are dependent upon
the effects of practice (Damos et al., 1981; Damos et al., 1984). Damos

et al. (1981) present test-retest reliabilities (intercorrelations) of mean
critical tracking scores (the average degree of instability when control is
lost). f[he correlations exhibit differential stability subsequent to ses-
sion 10 (of 1%). The mean r-value (n = 12) based on the final five ses-
sions is .764, which is classified as moderate. Damos et al. (1984) also
presented cross-session product-moment correlations of tracking performance
based on critical A scores. Again, performance stabilizes after 105 brief
practice trials., The authors point out that although this is not con-
sidered to be an extensive or tedious practice period, it does represent
more practice than is often utilized in studies that typically employ a
tracking task (e.g., dual task, environmental stress evaluation). Perform-
ance from day 8 through 14 (the final day) shows slow linear improvement.,
Perhaps this would continue after day 14. The implications are that the
task is sufficiently reliable for inclusion in dual task, environmental
stress, or druy related research if proper attention is given to the impor-
tance of practice. That is, practiced subjects' performance is reliable,
and any decrement could safely be attributed to the research setting. No
reliability data based on average error or number of control lapses per
trial have been located., (Note: differential stability is characterized
by high, stable test-retest correlations.)

VALIDITY
In their development of the task Jex, McDonnell, and Phatak (1966) conclude

that there is "good experimental validation of the theoretical assumptions
and implications of the operator's behavior (with respect to the elements
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of a describing function) in the first order critical task" (p. 142). 1lhe
experimenters arrive at this conclusion based upon their gathering of data
to establish an operator describing function. The three parameter
“Extended Crnssover Model" of McRuer et al. (1965) was used to fit the
data. The form of this describing function is as follows:

: = £ - = {a/w + w
where Kp

L]

Gain

u

Te tffective time delay

a Accounts for mid-frequency effects of the low frequency phase
droop (this parameter is not relevant to a discussion of the
human operator).

The data indicate that the v, level approaches an irreducible minimum and
flattens out as extreme instability (system error) is reached (see Jex

et al., 1966, Figure 4A). Also, experimental gain margins are found to
decrease as instability increases. Actual operator gain closely follouws
the theoretical gain for maximum gain margin as delineated by the function;
ga.n Vimitations are constrained as critical limits are approached. All of
these findings are in very good accordance with the extended crossover
model. This experimentation represents good validation of the theoretical
implications of increased instability (A ) on the elements of the describ-
ing function (t,, Kp) which represent information processing resources
associated with the subject's production of manual control responses.

SENSITIVITY

Studies by Klein and Jex (1975) and Dott and McKelvy (1977) both show
tracking performance decrements associated with alcohol consumption. Klein
and Jex point out that traditional negative feedback tracking tasks have
shown little sensitivity to the effects of alcohol, However, the inherent
instability of the Critical Tracking Task (CTT) employed by Klein and Jex,
which is essentially the same as the UTC-PAB version of the unstable track-
ing task, is characterized by significant impairments with increases in a
subject's blood alcohol concentration. Uott and Mcxcivy also investiyated
the sensitivity of an unstable tracking task to alcohol. Mean error, total
error, and the degree of instability when control is lost were measured,
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Al1 three performance measures showed significant decrements as a function
of hlood alcohol level (i.e., mean error and total error increased; deyree
of instability when control is lost decreased).

The sensitivity of unstable tracking to a secondary task(s) was examined by
Wwickens (1976) and Damos et al. (1981). Wickens employed two secondary
tasks: (1) auditory siygnal detection, and (2) application of a constant
force. The former represents an "input task" while the latter represents
an "output task." The auditory detection task required subjects respond to
300 msec tones in a white noise background. These signal tones were pure
sine waves at 1000 Hz. Tone intensity ranged from 59 db SPL to 63 db

SPL. The subjects responded to the tones vocally, triggering a voice

key. Response and signal occurrences were reccrded Tor analysis. In the
force application task, subiects grasped & vertically mounted isometric,
force-sensitive control!., Prior to trials which involved the force applica-
tion task, subjects utilized visual feedback from a voltmeter to provide
sufficient force to center the needle on the voltmeter. The visual feed-
back was terminated at the beginning of each trial and subjects then
attempted to maintain this force for the duration of the trial. Wickens
concluded that attentional limitations associated with the unstable
tracking/secondary task paradigm are more severe for output than for input
processing stages, as two of the three performance measures evaluated (Fig-
ure 21) were sensitive to time sharing conditions which involved the force
application task. No such sensitivity was found with auditory sigral
detection. The fact that the tracking task interferes with the "cutput
task" and nol the "input task" con be interpreted as furthei' support for
the assumption that tracking essentially taps motor output resources. The
dual task paradigm employed by Damos et al. (1981) required the simulta-
neous performance of two identical unstable tracking tasks. That is, two
displays were shown side by side on a CRT. The right hand must respond to
the right display, the left hand to the left display. The study evaluated
the results in terins of implications concerning the concept of a "genera!
time sharing ability," It was reported that dual task performance reached
approximately the same level as single task performance after 15 sessions
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(1) Effective Time Delay (Jex, McDonnell, and Phatak, 1966).

e

(2) Operator Gain (Jex et al., 1966),
(3) Tracking Error (Jex et al., 1966).

(a) Mean Squared Error (Wickens, 1976).

(b) Integrated Absolute Error (Adler, Strasser, and Muller-Limmroth,
1976).

(4) Critical Track Score (Damos, Bittner, Kennedy, and Harbeson, 1981,
Damos, Bittrer, Kennedy, Harbeson, and Krause, 1984).

(Note: A critical tracking score is the value of A [the deyrve ot
instability of the controlled element] at which the aperator can just
control the system. This measure should reflect time delays associ-
ated with an operator's perceptual processing, neural transport, and
neuromiscular systems as well us effective time delay of the display
associated with a given value of A.)

(5) Dott and McKelvy {(1977) Tatle 1

(a) t = total time (sec) from start of trial until control is lost.
(b) tH = time (sec) while the rate of change of F* = 1.0 rad/secz.
(c) t1 = time (sec) while the rate of chanae of F = ,25 rad/secz.
(d) T = total error score.

(e) tH = error score during tH,

(f) tL = error score during tL.

(g) Fs = value F'{rad/sec) when_the rate of change ot F transitions
from 1.0 rad tu .25 rad/sec®.

(h) Value of F (rad/sec) when control was lost

*F = instability in the loop for which subject must compensate
(in rad/cec); usually designated as A.

Figure 21, Performance Measures--Unstahle Tracking

272

O S DAL LRI A DAL M A AT OIRR WO



of dual task practice. Perhaps dual task decrements in unstable trackiny
performance ran be reduced or alleviated via extended practice.

Tracking tasks have frequently been employed ir the study of the effects of
acceleration (G-stress). Such research is of great practical significance
as tracking behavior is involved in the control of an aircraft, and pilots
frequently are exposed to G-forces. A yreat deul of this research has been
done at the Armstrong Aerospace Medical Research lLaboratory, Wright-
Patterson Air Force Dice, Ohio. There is a considerable volume of such
research, employing a wide ranye of tracking tasks, levels of G-stress, and
other variables of particular interest to a given study. To briefly sum-
marize the findings of G-stress/tracking research: tracking performance is
generally impaired by exposure to G-forces; the magnitude of such effects
can be influenced by the exact dynamics of the task and other variables
often employed in such studies (i.e., direction of acceleration, subject
position, G-force protective suits, etc., see reviews by Grether, 1971;
Little, Hartman, and Leverett, 1968; van Patten, 1984).

Jex, Peters, DiMarco, and Allen (1974) hypothesized that physiological
deconditioning from orbital living (in the form of 10 days of enforced
bedrest) could have potentially deleterious effects on a pilot's abiiity

to control his aircraft manually in a shuttle reentry simulation. Sub-
jects were provided with G-suits which protect them from the effects of
G-stress. While this hedrest had no effect on mean critical scores (ssce
Figure 20), a bedrest by centrifugation interaction was suggested, Before
bedrest, subjects' (N = 42) critical scores were slightiy better, though
not siynificantly better (G-suits compensate for decrements, but d> not
enhance performance following a centrifuge rua as compared to prerun).
After bedrest, 62 percent of the postrun scores worsened relative to prerun
scores, The enforced bedrest seems to interfere with G-protected subjects'

ability to overcome the deleterious effects of G-Stress,

Research by Adler, Strasser, and Muller-Limmroth (1976) showed *that
inteyrated absolute tracking error can be significantly lessened under con-
ditions ot distrib.ted, as opposed to massed practice and monetary incen-
tive, Also, a cnenye in practice regime was tound to produce deleterious
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effects, These results imply that traditional models of control behavior
should be modifiable with consideration to such "often ignored" variables
as motivation, fatigue, learning, etc. (Note: The task utilized by Adler
et al, (1976) is not the critical tracking task developed by Jex et al.
(1966), but the two are comparable in many respects,)

In summary, positive feedback tracking is generally more sensitive to envi-
ronmental stressors than negative feedback tracking. As noted by Klein and
Jex (1976), alcohol had shown little effect on negative feedback track-
ing, As a result, these tracking tasks were not often employed in druy
related research, The sensitivity of positive feedback tracking to alcohol
effects has created an interest in the inclusion of this task in druy
research, Secobarbitol and carbon monoxide are two substances whose
effects on positive feedback tracking are very similar to those of alcohol
(Putz, 1976), This can probably be attributed to the demands placed on
motor control resources by the unstable tracking task, which are greater
than the demands exerted on these resources by negative feedback trackiny.

TECHNICAL DESCRIPTION

The unstable plant dynamics of the task are a first-order diveryent element

of the form:

Pls) = 5%

where A (lambda) is selected by the experimenter to vary the task diffi-
culty, The system display time delay term (t) in the above equation was
not explicitiy specified to be part of the desired dynamics, but is present
in any digital implementation of a tracking loop. The magnitude of this
delay was determined analytically to be no greater than 49 msec. It
includes the 21-msec time frame (1000 msec/47 Hz), an 1l-msec sample-and-
hold (0.5 time frame) associated with display generation, and a 17-msec
sample-and-hold associated with the television time frame (Shingledecker.

1984).




The real-time tracking loop software is free running (i.e., the iteration
rate is not directly controlied by clock ianterrupts). As a result, the
full 2l-msec time frame is used for computation of the new cursor position
given the sampled stick value, Despite the fact that the tracking loop is
tree running, the iteration rate (and accordingly, the time trame and trial
length) varies by less than 3 percent within or across trials. A trial is
tlagyed as invalid if the slight variations associated with these system
dynamics result in a trial length which varies by more than 5 percent from

the prescribed 3 minutes,

No external forcing tunction is applied to the tracking loop. The unstable
dynamics are simply excited by human tracking remnant and by noise in the
stick digitization process. If the subject loses control and the cursor
travel reaches the edge of the display, it is automatically reset to dis-
play center and the subject continues tracking. The active area of the
display is $9.5 cm and the number of control losses is based on the sampled
value of each time frame. The software [ermits the user to break the trial
up into 1 second segments for detailed analysis of trackinyg performance.
Thus, at the finest level of resolution, the averayge absolute error scores
are hased on 47 samples of instantaneous error (Shingledecker, 1984).

Calculation of the averaye absolute tracking error:
e. /n
where: e; = absolute error in rad/second for a given

time interval 1.

n = total number of time intervals

gtilized in analysis.
The cursor is intended to have the appearance ot an aircratt viewed from

Lhe rear and the target is a line segment drawn horizontal to the movement

line ot the cursor.
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DATA SPECIFICATIONS

Unprocessed data records will include averaye error scores for each con-
secutive 1 second interval of a 3J-minute trial. Sumnary statisbic: will be
the average error score for the complete trial and a Lechulation ot the num-
ber of times the cursor leaves the extreme cdyes ot the screen, (Note: \
reliabiiity data presented are based solely or critical scores. It is not
possihle to obtain this measure with the UTC-PAB version of this Lesk’
hbecause lamhbda is constant within a block ot Lrials Lo exert a prescribed
demand Tevel on manual output resources., See Figure 18 tor a complete list

of potential performance measures.)

TRAINING REQUIREMENTS

A1l trials at any of the three loading lzveis are 3 minutes long., Instruc-
tions specify that the curcor should be kept centerzd over the teryet tor
as much of the time as possible and that allowing the cursor to leave the
edge of the screen shculd be avoided, Subjects are given 10 seconds to
gain control of the cursor before the trial begins tor data collection,
Major training (practice) effects are eliminated with six practice trials
at each loading level (Shingledecker, 1984). However, 10 to 12 practice
trials should be employed to enhance performance stabiiity {Damos et al,,
1981; Shingledecker, 1984).

To summarize, the training phase for this test should consist of the

following steps:
1. Read instructions to the subjects.

2. Run practice trials and evaluate subjects' performance to ensure that
the instructions are being followed,

3. Repeat the practice trials if it appears that the subjects require
additiognal practice with the test,
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4. Run the experimental trials. Note, if the tasks are being rur over
several sesszions on this test, one may omit the practice trials after
the first session.

INSTKUCTIONS TO SUBJECTS

The object of the Unstable Tracking Task is to keep a cursor centered over
a target area in the middle of the screen of a CRT. You can control the
movement of the cursor by turning the control knob. Rotating the knob to
the right (clockwise) moves the cursor up, and rotating it to tho left
(countarclockwise) moves it down. The cursor appears at the center of the
screen and naturally tends to move vertically away from the center. Try to
keep the cursor centered over the target at all times. if the cursor
reaches the edge of the screen, it will reappear at the target and begin
moving away again. This is called a control loss and should be avoided if

possible,

The task is run in 3-minute periods of data collection, called trials. The
difficulty of the control task will vary from trial to trial., Ouring some
trials, the cursor will be fairly easily kept in the middle of the screen,
but others will be more unstabie. To start the task, rotate the contro)
knob until the numerical display on the screen reaches zero. The task
automatically stops after 3 minutes and the screen will gc blank.



Section 24
MEMORY SEARCH-TRACKING COMBINATION (UTC-PAR TEST NO. 23)
(TIME SHARING ABILITY)

PURPOSE

This dual task combination is intended to tap information processing
resources dedicated to time sharing ability; that is, the ability to per-
form two tasks concurrently.

DESCRIPTION

This is a dual task paradigm involving unstable tracking (UTC-PAB Test

No. 22) and the Sternberg Memory Search Task (UTC-PAR Test No. 9) as
employed by Wickens and Sandry (1982)., Subjects are required to track with
their left hand and respond to the memory search stimuli with their right
hand. Stimulus and response parameters are as described for the single
task conditions in Sections 10 and 23,

To starct a trial, the subject is shown the positive set for the Sternhery
task, as under single task conditions. This display is erased and the
trial begins 2 seconds later. Subjects are told to respond as duickly and
accurately as possible, and that both tasks are equally important.

BACKGROUND

Combinations of a memory search task and a tracking task have been einployed
in research aimed at testing assumptions underlying multiple resource
models of attention. Also, this task combination has been employed to test
hypotheses regarding task-hemispheric integrity. The above areas ot
research will be discussed in order to provide background informetion tor

the UTC-PAB version of the task.
Research by Vidulich and Wickens (1981) employed a combination of a

tracking task with a memory search task., The memory search task was pre-
sented either visually or auditorially and responded to either verbally or
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manually. Previous research has indicated that some mappings ot input/
output channels on tasks requiring a particular type of central processing
are more efficient than others (Greenewald, 1979). Also, Wickens,
Vidulich, Sandry, and Schiflett (1981) have argued that a unique compati-
bility relationship exists when verbal tasks are assigned to the auditory/
speech modes, and spatial tasks to visual/manual modes.

The following results from Vidulich and Wickens (1981) are relevant to the
discussion of the UTC-PAB version of the memory search-tracking combina-
tion. First, a verbal memory search task was oerformed best in the auditory
input and specch response mode and must poorly in the visual input and man-
ual output mode. This finding was consistent for both the single and dual
task combinations. Second, trackiny difficulty exerted a negligible effect
on the memory search task when the input/output modalities of the two tasks
were separate. This finding was expected since the central processing
codes of the two tasks are also separate (e.g., verbal tor the memory
search task and spatial for the tracking task). Finally, the effect of
visual input competition was borne mostly by the perceptual/cognitive mem-
ory search task, while the effect of manual output competition was observed
in the response~loading tracking task.

Research by Schingledecker, Acton, and Crabtree (1983) also indicates that
the memory search task is a peicceptual/coynitive task, whereas, the
tracking task places a heavy burden on response processing. In this study,
the Michon tapping task (UTC-PAB Test No. 19) was paired with either a
tracking task or a memory search task (a visual probability monitoring task
was also used). The Michon tapping task was shown to interfere with the
tracking task but not the memory search task. The Michon task is assumed
to principally tap resources associated with response timing (see UTC-PAB
Test No. 19 for e review of the tapping task) and, therefore, should not
interfere with 4 task that does not place heavy demands on this resource.
This differential result, in terms of dual task perfurmance, supports the
hypothesis that the UTC-PAB version of the unstable tracking task places a
heavy burden on resources associated with response processing,
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The UTC-PAB memory search-tracking task presents two different Lask con-
figurations that can be selected. The memory search task can he presented
either visually or auditorially. The above research indicates thal Lhe
auditory memory search task will be more efficiently time shared with the
tracking task than will the visually presented version., However, this ver-
sion of the task results in a combination where the two tasks share output
modalities {e.y., both tasks require manual responses) such that perform-
ance on the tracking task will be disrupted by the requirements to respond
to the memory search task. The tracking task is a continuous task with a
relatively heavy response component which can be disrupted by competition
for output resources. On the other hand, the memory search task is5 primar-
ily a perceptual/cognitive task which brief!y demands output resources only

occasionally,

Research on task-hemispheric integrity in dual task performance (Wickens
and Sandry. 198?2; Wickens, Sandry, and Hightower, 1982) is also relevant to
the discussion of the UTC-PAB dual task test. Task-hemispheric integrity
refers to a situation under dual task performance where the central pro-
cessing and response components of each task are associated exclusively
with a given cerebral hemisphere. For example, task-hemispheric integrity
should be achieved when a spatial task is performed wita the left hand and
a verbal task with the right hand (Wickens, 1981). That 1s, the spatial
task is assumed to be processed in the right hemisphere and, tneretore, if
responded to with the left hand, central processing and response processing
would be associated with the same hemisphere. A similar argument can be
presented for the verbal task which is presumed to be processed in the left

hemisphere,

Wickens and Sandry (1982) used two different versions of the memory search
task (e.g., a verbal and spatial variant of the task) in dual task combina-
tions with a tracking task. The results of the study indicated that
responding to the verbal memory search task with the right hand (inteyral
combination) resulted in greater time shariny efticiency relative to the
condition where the memory search task was performed with the left hand
(nonintegral combhination). The results of the study also suyggested that
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the spatial memory search task and the tracking task competed for similar
resources and, therefore, an "integrity" benefit could not be realized.

The initielly proposed version of the memory search-tracking combination
task in UTC-PAB presented the recommendation that the memory search task
will be responded to with the right hand and the tracking task with the
left hand. The reason for this response hand assignment is to obtain task-
hemispheric integrity in this dual task combination. The proposed response
hand assignment should be the one that results in the highest degree of
time sharing efficiency based on the hemispheric integrity hypothesis.

To summarize, the UTC-PAB memory search-tracking combination task repre-
sents the combination of two tasks that compete for different pools of
resources (e.g., perceptual/cognitive versus response--see UTC-PAB Sections
9 and 22 for reviews on the memory search and tracking tasks). In addi-
tion, the auditory version of the memory search task should be time shared
more efficiently with the tracking task than the visually presented version
(Vidulich and Wickens, 1981), The recommended response hand assignment
should result in task-hemispheric integrity (Wickens and Sandry, 1982),
thus, leading to relatively high time sharing efficiency.

The above research illustrates the uses of dual task methodology to test
assumptions regarding human information processing (e.qg., testing different
theories). However, the UTC-PAB dual task combination will be used to test
the etfects of chemical defense treatment and pretreatment drugs. The rea-
son for using a dual task combination in this ccntext is to determine the
effects of drugs on cenplex human performance. The memory search-tiacking
task combination has not been used in the above context. However, dual
task methodology has been employed in the study of the effects of chemical
and environmental stressors on human performance, For example, Putz and
his associates (Putz-Anderson, Setzer, and Croxton, 1981; Putz, 1979; Putz,
Johnson, and 3Setzer, 1974) have examined the effects of toxic substance on
the performance of a tracking-tone detection task combination, This
rescarch has generally fcund a significant effect of stressor (e.y., carbon
mono ¢ide and alcohol) on tracking pervoriance but not on the tone detection

task.
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Research by Houghton, McBride, and Hannah (1985) provides another example
of the uses of multiple tasks in the evaluation of environmental stressors
(e.9., G-stress induced loss of consciousness). Houghton et al. (198%)
used a multiple task arrangement consisting of: (a) two choice reation
time; (h) mental arithmetic; and (c) a two dimensional compensatory
tracking task. In this study, the above tasks were performed simulta-
neously wnere the tracking task served as the primary task and the others
were secondary tasks. The results, with respect to the effects ot G-stress
induced loss of consciousness on complex performance indicated: (a)
significant impairment in the choice reaction time task and the mental math
task; and (b) there was no impairment in the primary tracking task.

The above studies show how dual task methodology can be used in the eval-
uation of complex performance under an environmental stressor. These
researchers employed dual task methodology as a means to create a complex
performance task with high processing load and some deyree of relevance co
the operational environment. The UTC-PAB memory search-tracking combina-
tion appears to be a good candidate for the evaluation of stressor effects
on complex performance: (a) the combination of these two tasks result in a
test that tans a wide range of processing resources; (b) test difficulty
can be varied by increasing tracking and memory search difficulty, and (c)
it can examine, to a degree, the effect of drugs on a subject's ability to

efficiently time share,
RELTABILITY

The concept of task reliabilty is central to the evaluation of environ-
mental stressors since studies typically utilize repeated measures desiyns.
Research of this type usually involves the collection ot data under hase-
line and "treatment" (stressor) conditions for the purpose of comparison.
For this comparison to be me.iningful, there is a requirement that the
repeated data collection under baseline conditions would yield very similar
(reliable) resuits. Unfortunately, there is no research that has assessed
the test-retest reliability of this dual task comhination.
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However, some evidence would lead one to believe that this combination is
probably characterized by sufficient reliability. As has been mentioned in
the discussion of the memory search and tracking tests, single task per-
formance associated with each of these tests tends to be reliable.
Tracking performance, in termms of critical instability scores, becones
stable after eight practice sessions, and there is a significant degree of
reliability among scores from sessions 9 to 15 (Damos et al., 1981). 1In
addition, Carter et al. (1980) found reaction times associated with the
memory search task to be reliable after four practice sessions. Finally,
the observed test-retest reliability of other dual task combinations
involving tracking (Wickens, Mountford, and Schreiner, 1980) suggests that
this combination may also be reliable.

However, simple test-retest reliability carries little weight when compared
to a full investigation of task reliability carried out over 10 to 15 ses-
sions as per Damos et al. (1981) and Carter et al. (1980). Such a study
involving the tracking-Sternberg task combination would be required to draw
any robust conclusions concerning task reliability.

VALIDITY

The findings of Wickens and Sandry (1982) can be interpreted to indicate
that relative performance on this task combination is an index of one's
ability to time share, since it was found that extensive practice can prac-
tially extinguish any single-dual task performance differences associated
with this combination. The alternative interpretdtion, however, is that
this sharing is made possible by the fact that these two tasks tap into two
distinct pools of information processing resources. A subject can dedicate
central processing resources (working memory) toward the memory search task
and motor output resources to the tracking task. Whethe:, or not there are
resources specifically devoted to time sharing is not clear., Researchers
have attempted to uncover a general time sharing factor, but the evidence
is inconclusive (Wickens, Mountford, and Schreiner, 1980; Sverko, 1977).

In summary, this task combination can be recommended for inclusion in
studies attempting to assess time sharing abilty, with the provision that
alternative interpretations of any results are borne in mind, Additional
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research is required to help clarify this somewhat cloudy issue ot con-
struct validity associated with the tracking-memory search task

combinatinn,

SENSITIVITY

The relatively few investigations of the sensitivity of a tracking-memory
search dual task combination have shown this combination to be sensitive to
several variations of stimulus and response parameters (e.g., the order of
the tracking task, the positive ,c. ize associated with the memory search
task and/or which hand to use when responding to a yiven task). The
respective rationales for such manipulations are rooted in the attempted
assessment of multiple resource frameworks of information nrocessing and/or
hemispheric integrity (as mantioned earlier). As this task combination
typically has been utilized only in studies such as these, little or no
research has yet been performed which attempts to evaluate the potential
effects of environmental stressors on tracking-memeory search dual task
performance. However, this sensitivity to variations of task parameters
serves as a preliminary indication that performance on the tracking-memory
search combination could also be potentially sensitive to environmental

stressors.

There is additional evidence which suggests that the tracking-memory search
combination could be sensitive to environmental effects. Advantages (as
compared to single task performance) in terms of task sensitivity have been
attributed to other dual task comhinations such as the tracking-choice
reaction time combination employed by Putz (1979). Thus, perhaps pertori-
ance associated with this tracking-memory search dual task combination
could follow the same pattern and exhibit gyreater sensitivity to environ-
mental stressors than single task, unstahle tracking and/or single task,
memory search, bhoth of which have heen found to exhibit an adequate degree
of sensitivity to stressors (see the sections in this report fur the
unstable tracking and memory search tests).
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TECHNICAL nDESCRIPTION

Stimulus and response parameters are as delineated in the single task para-
digms. In the memory search task, the numbers comprising the positive set
are presented simultaneously for a duration of 1.5 seconds per item. Mem-
ory search stimuli are tc the left of the tracking stimuli on the CRT.
Response equipment is the same as under the single tgsk conditions., The
subject is shown the positive set of the Sternbery task to start the

trial. The trial begins 2 seconds after the set is erased. Each trial
lasts 90 seconds, and there is a 30-second break between trials.

DATA SPECIFICATIONS

Raw data collected are average root mean square (RMS) error (Unstable
Tracking), percent error (Memory Search), averaye correct reaction time
(Sternbery), and average incorrect reaction Uime (Sternberyg). Standard
summary statistics are the means and standard deviations (overall or per
trial) associated with each dependent measure.

Detailed specifications with respect to the analys:s of data from dual task
studies are beyond the scope of this report, The reader is advised to con-
sult appropriate sources on multivariate statistics (e.qg., Pedhazur, 1982)
and dual task methodolcgy (e.g., Vidulich and Wickens, 1981; Wickens and

Sandry, 1982).
TRAINING REQUIREMENTS

The subjects are presented with dual task instructions for the Memory
Search and Unstable Tracking tasks, They are then told, as “hey will be
performing bot* asks at the same tire, to remember that both tasks are
equally import t, Therefore, the object is to respond as quickly and
accurately as possible on the Memory Search task while tracking as well as

possible,

The tirst step of the traiaing process requires that the tracking task and
the Memory Search task each be performed alone until performance has
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reached asymptote, Following this, dual task training can he started.
Initial dual task performance is normally erratic. Thus, subjects should
practice this task combinaticn for a minimum of 15 minutes before any data

are collected for analysis.

To summarize, tne training phase for this test should consist of the

following steps:
1. Read instructions to the subjects.

2. Run practice trials and evaluate subjects' performance to ensure that

the instruciions are being followed.

3. Repeat the practice trials if it appears that the suhjects require
additional practice with the test.

4, Run the experimental trials. Note, if the tasks are beiny run over
several sessions on this test, one may omit the practice trials after

the first session,
INSTRUCTIONS TO SUBJECTS (MEMORY SEARCH TASK)

The memory search task consists of two parts. [n the first part of the
task, you will be memorizing a small set of letters from the alphabet,

This is called the "memory set." In the second part of the task, you will
see a series of letters presented one at a time. Your task is to decide
whether each letter is one of the letters in the memory set. 1f a letter
is one of the memory set items, you press the "yes" key with your right
hand; if it is not one of the menory set items, you press the "no" key with
your right hand. The object of tie task is to respond to the letters as
quickly as possible without making any errors, Respond as fast as you can
to the letters, but if you find yourself making errors, slow down, You

should try to respond corrcctly to every item,

There will be either one, two, four, or six letters in the memory set, On

some trials, you wil: have as much time as you need to memorize the letters
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" the memory set, On other trials, this time will be set for you., It
should take you not more than 15 to 2?0 seconds to comnit the items to mem-
ory. The actual letters in the memory set will he different on each trial,
so ycu will have to memorize a new set at the beginning of each trial, On
certain trials only one probe letter will follow the memory set, on other
trials 10 probes or 100 probes will follow the memory set,

INSTRUCT{UNS TO SUBJECTS (UNSTABLE TRACKING TASK)

The object ot the unstable tracking task is to keep a cursor centered over
a target area in the middle of the screen of a CRT. You can control the
movement of the cursor by turning the control knob with your left hand.
Rotating the knob to the right (clockwise) move~ the cursor up, and
rotating it to the left (counterclockwise) moves it down. The cursor
appears at ihe center of the screen and naturally tends to move vertically
away from the center. Try to keep the cursor centered over the target at
all times. If the cursor reaches the edge of the screen, it will reappear
at the target and begin moving away again. This is called a control loss,
and should be avoided if possible.

The task is run in 3-minute periods of data collection called trials, The
difficulty of the control task will vary from trial to trial, During some
trials, the cursor will be fairly easily kept in the middle of the screen,
but others will be more unstable. To start the task, rotate the control
knob until the numerical display on the screen reaches zero, The task
automatically shuts off after 3 minutes and the screen will go blank.
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Section 25
MATCHING TO SAMPLE (UTC-PAB TEST NO. 24)
(SPATIAL MEMURY PATTERN RECOGNITION)

PURPOSE

This task is designed to assess the subjeci's ability to quickly and accu-
rately choose a test stimulus which is identical to & standard stimulus
presented previously. The test taps short term spatial memory and pattern
recognition skills,

DESCRIPTION

The subject will be shown a single 4 by 4 matrix centered on the screen,
The matrix will have cells of two colors (red and yellow). The number of
cells of each color will be randomly Jatermined for each stimulus. After
viewing the sample stimulus for a vime adequate for committing the stimulus
to memory, the subject will initiate the presentation of the test Liiai,
The test trial will consisi of two 4 by 4 matrices, side by side on the
screen, One of the matrices will be identical with the previously pre-
sented standard stimulus, while the other will be different., The subject's
task is to select the test stimulus which matches the standard. There wiil
be 30 such trials,

BACKGROUND

The matching to sample paradigm, first implemented in its present form by
Skinner (1950), is designed to require the subject te maintain a standard
in memory for some period of time (in this case, 1.5 seconds) before being
offered a set of test stimuli for comparison (one of which matches the
standard). After being offered the test stimuli, the subject is required
to quickly and accurately decide which of them is identical to the stan-
dard. As a general rule, response times are on the order of 1000 msec.
This task involves skills which fall into the realm of spatial ability.
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The various facets of spatial ability can be arranged in a hierarchy
(Lohman, 1979). One of the most useful graphic representations was pre-
sented in Figure 10, The tactors can be characterized along two dimen-
sions: speed/power and simplicity/complexity. The more powerful an
ability, tne higher its position in the factor hierarchy. However, a
higher position in the hierarchy alse guarantees slower performance, since
the tasks are more complex. At the top of the hierarchy is 2 factor called
Visualization (Vz). It can best be thought of as the mental manipulation
of a complex form or object in space. A second factor, found somewhat
lower in the hierarchy, is called spatial orientation (SO). It is charac-
teristic of tasks requiring the subject to imagine an object from a differ-
ent vantage point. The third primary spatial factor (located still lower
in the hierarchy) is called spatial relations (SR), and represents the
ability to solve spatial problems quickly, by whatever means. There are
four other spatial factors at the bottom of the hierarchy which deserve
mention: Closure speed (Cs), the speed of matching incomplete or distorted
stimuli with representations in long term memory; Kinesthetic (K), the
speed of making left/right decisions; Visual memory (M), the ability to
maintain stimuli in short term memory; and Perceptual speed (Ps), the speed
of matching stimuli, The reader will note that all of these factors might
play a part in the test under consideration here, with the possible excep-
tion cf the kinesthetic factor. Thus, it is likely that this test will
yield very quick reaction times, given that the factor loading appears to
be concentrated on factors located low in the hierarchy.

Currently, one of the major problems in spatial perception research i35 the
fact that little control is exercised over the subjects' choice of problem-
solviny strategies. With a small number of subjects, it is not difficult
to evaluate each response to insure that the desired strategy is being used
(i.e., for a Vz task, reorienting the imaginary nbject rather than the
self)., However, this problem becomes much yreater as the number of sub-
jects increases. With tests such as those in the UTC-PAB, it is safe to
assume that the tests will be administered to large numbers of subjects;
thus, it is important to consider the disparities induced in the data by
the use of different strategies. Research has shown that more often than
not, subjects use different strategies to solve the same test. Within a
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test, the number of distinct strategies will increase as item difticulty
and complexity increase, There will be a concomitant decrease in respense
speed as complexity increases. However, even on the most simple speeded
tests, subjects still can be relied upon to use different strategies.

Tests which the researcher intends to be solved using one strategy are
often sclved using another. For example, early researchers had great dif-
ficulty separating Vz and SO tests. It wasn't until they realized that S0
tests were often solved using Vz strategies that the differentiation became
more reliable. And finally, mental manipulation is often discarded in
favor of more analytic methods as complexity and difficulty increase (i.e.,
the subjects may count angles or note distinctive features instedad of using
mental transformation to solve the problem).

It is obvious that various spatial abilities are present anc available to
the subject. However, caution must be used in any test of spatial abil-
ity. Tests are solved in different ways by different subjects. Instruc-
tions are only partially successful in guiding the subjects to use a
specific strategy. Their solution strategies change as a function ot vari-
ous factors, including practice and item difficulty. Moreover, most fac-
tors represent individual differences in speed of solving particular types
of problems, not general prublem solving skills or abilities. Finally, the
nrocess of adapting a test to an experimental task may drastically alter
the nature of the test. An experimental task will rarely tap exactly the
same mental processes as the source test.

The current test invcolves 4 by 4 metrices made up of cells of two different
cclors., One of the most likely occurrences for this type of stimulus is
that the subject will treat each pattern nct as a two color figure, but as
a brighter colored figure on a4 darker colored hackground or vice versa,

The problem is, in effect, one of figure/ground in the classical Gestalt
sense, Because of the nature of the problem, it may be appropriate to com-
pare this problem to the various types of research done with dot patterns.

This UTC-PAB test involves same/different judgements based on the simulta-
neous presantation of two test patterns after the presentation of a
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standard. The patterns {when evalucted from the viewpoint of a figure/
ground standpoint) are similar fo those used by other researchers,
including Ichikawa (1981), Klein and Armitage (1979), and Phillips

(1974). The differences are worth noting, however, Ichikawa was studying
ease of dot pattern memorization. He used 8-dot patterns in a 4 by 4
matrix, and 7-dot patterns in a 3 by 5 matrix. Through the use of a com-
plicated metric, various types and levels of symmetry for each dot pattern
were computed. These values were then applied (through multiple regres-
sion) to the results of a subjective rating of each pattern on a 9-point
ease of memorization scale. The results were unequivocal: patterns which
were rated as easy to memorize had much higher levels of symmetry than pat-
terns which were rated as difficult to memorize. Implications for this
study include possible differential responses based on the perceived sym-
metry of the standard and test patterns. Thus, it may be desirable to at
least attempt to control for some of the more common types of symmetry.

Klein and Armitage (1979) used 7-dot patterns in a simultaneous pattern
comparison task. It is unclear in what size matrix the dot pattern was
embedded. Their study was intended to evaluate performance differences as
a function of biological rhythms. These rhythms involved an alternation in
the relative efficiency or activation of the two cerebral hemispheres.
Klein and Armitage reasoned that, since the two hemispheres show differ-
ential specialization (e.qg., spatial or verbal processing) frequent admin-
istration of two tests targeted for each hemisphere should demonstrate
cyclical changes in performance. Their study showed just such a cycle, on
the order of 90 minutes in length.

Phillips (1974) evaluated sensory storage and short term visual memory.

His study is perhaps the most directly applicable to the current evalua-
tion. He used matrices of three different sizes, four, six, or eight cells
on a side. The density of dots was higher than in the other studies men-
tioned; the probability of a cell being filled was 0.5. He found that the
4 by 4 matrices had fairly long viable storage times (at least 9 seconds),
losing no efficiency over the first 600 msec. In addition, tne patterns
tended to be quite resistant to masking or deficits induced by moving or
shiftiny the pattern. In contrast, the larger matrices seemed to be stored
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in the sensory store, and were markedly affected by movement, maskiny, and
storage time, Stcrage time seemed to be limited to about 100 msec for the
larger matrices. Thus, it appears that the choice of a 4 by 4 grid for the
current study is the most viable one, based on the paradigm of choice.

Bridgeman and Mayer (1983) found that performance was at a chance level
when subjects were required to shift fixation from one dot pattern position
to another when trying to locate a single missing dot. The missing dot
paradigm is similar to the current study's changing dot paradigm. Their
patterns consisted of 12 dots in a 5 by 5 matrix that were presented under
two separations (4 and 2.25 degrees). Implications for this UTC-PAB task
suggest that presentation of the test stimuli as close as possihle to the
screen position of the standard may be the optimal presentation
methodology.

RELIABILITY

Kennedy et al. (1985) quote the reliability of the Klein and Armitage
(1979) task as 0.93 in their evaluation of several tests for inclusion in a
portable microcomputer repeated measures testing system. In the Klein and
Armitage task, the standard and test stimulus are presented simultaneously
rather than successively as in the current experimental test. This makes
it more difficult to generalize from that task to the current one, but
little data is available otherwise.

VALIDITY

Again, the most similar test having computed validity data is the Klein and
Armitage task. Research by Kennedy e. dl. (1985) has evaluated subjects'
performance on this task in comparison with standardized tests of intei-
ligence, The Klein and Armitage task correlated 0.57 with the WAIS per-
formance scale, while correlating on 0.05 with the verbal scale. This
implies that the task is not a verbal one. Within the subntests on the per-
formance scale, the task correlates well with the spatial tests. The hiyh
correlations shown hetween the Klein and Armitage task suggest that it,

too, is a spatial task.
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SENSITIVITY

There is little data available on the effects of drugs, toxic agents, or
environmental stressors on the specific test addressed in this manual.
Other spatial tasks have been used in such studies, however, and may pro-
vide some indication of the possihle effects of those factors on the cur-
rent experimental task. The Manikin Test (which loads on the SO factor)
(Carter and Woldstad, 1985) shows a severe performance decrement when
administered to divers at extreme depth (Lewis and Baddeley, 1981; logie
and Baddeley, 1983). It is safe to assume that the Manikin Test also loads
on other spatial factors, so it may be conjectured that a similar deficit
would also occur with the present dot pattern presentation task.

TECHNICAL DESCRIPTION

The sample stimulus will be a square approximately 3.5 cm wide, centered on
the scireen, The stimulus will be subdivided into sixteen cells in a 4 by 4
matrix. The stimulus will be surrounded by a thin white border. In addi-
tion, this thin white border will also be present between the component
cells of the stimulus, The color of each of the 16 cells in the sample
stimulus is determined randomly. with the constraint that the ratio between
tho two colors is 7:9, 8:8, or 9:7, The limitation on the possible ratios
helps to prevent the subject from matching-to-sample simply on the basis of
color density for a given stimulus.

The sample stimulus is presented on the screen, and remains there until the
subject presses any switch on the response box. The screen clears for

1.5 seconds and the two comparison stimuli are then prescnted. One of the
tect stimuli is identical to the standard, while the other has a single
cell which is different. The difference is always in the location of the
cell, not its color. Thus, if the lower right cell of the standard is red,
the different matrix might have the position of that cell and a yellow cell
elsewhere in the matrix swapped. In no case would the number of yellow
cells be incremented. The process of swapping rather than replacing
insures that the color ratios of the two stimuli remain the same.
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The two comparison stimuly dare prisented with 3.5 cm between them, exactly
the space occupied by tn2 standard stimulus. On half of the 30 trials, the
correct test stimulus will be on the left side of the screen, and on half
the right. The pesition of the correct stipulus will be random across ail
subjects. The subject presses the corresponding button on the response
box, following the subject's cesponse the screen is cleared for 1 second,
and the standard stimulus for the next trial is presented.

A single trial consists of the presentation of the standard stimulus,
initiation of the test trial, presentation of tha test stimulus pair, and
an experimental response., If the initiation of the test stimuius pair does
not occur within 60 seconds of the presentation of the standard stimulus,
the test presentation will be initiated automatically. If the test pre-
sentation is not terminated by an experimental response within 60 seconds,
the trial is terminated autnmatically, and the next trial begins.

Trial Specifications

Each trial will consist of the followiny sequence of events: (a) the stan-
dard stimulus will be presented for up to 60 seconds; (b) the screen will
clear for 1.5 seconds; (c) the test stimulus pair will be presented fur up
to 60 seconds; (d) the subject will make a response; (e) during the train-
ing phase only, feedback on trial performance will be presented; and (f)
the screen will clear and the next trial will bhe initiated.

DATA SPECIFICATIONS

Two separate response latency measurements will be recorded for each
trial. The first will measure the time from the onset of the standard
stimulus until the subject initiates the test presentation, The second
measurement. will record elapsed time from the onset of the test stimulus
presentation until the subject makes his experimental response, These
response latencies will be measured in milliseconds. The subject's
response (either right or left) and the correct answer will also be
recorded for each trial,
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The tallowing summary statistics will be computed after the session is com-
plete: (a) percent correct responses; (b) the mean and median response
latencies for the standard and test stimulus presentations; and (c) the
‘runge and variabliity of the standard and test stimulus presentations., It
wilt he possible te examine the subject's data in a trial-by-trial format
which will incioude the subject's response, the response latencies, and the
correct response, It will be possible to examine all of the summary data

on screen or via the printer,

TRAINING REQUIREMENTS

Initially, subjects should be read the instructions. After the instruc-
tions, the subjects should receive at least 10 trials of practice at the
task to become familiar with it. During the training periods, the.e will
be feedback after each trial, In other respects, the training trials wiil
be identical to the experimental trials.

Since the instructions for this task stress fast and accurate performance,
it is up to the experimenter to insure that the subject is eptimizing his

performance, (e.g., not sacrificing speed for accuracy or vice versa), If
the experimenter feels that the subject does not understand the task or is
performing incorrectly, additional instruction and test trials may be

administered,

To summarize, the training phase for this test should consist of the

followiny steps:
1. Read instructions to the subjects.

?. Run practice trials and evaluate subjects' performance to ensure that

the instructions are being followed.

3. Repeat the practice trials if it appears that the subjects require
additional practice with the test,.
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4. Run the experimental trials., Note, if the tasks are beiny run over
saveral sessions on this test, one may omit the practice trials after
the first sessinn,

INSTRUCTIONS TO SUBJECTS

During the course of this experiment, you will see a single matrix filled
with red and yellow squares, followed by a pair of matrices. Your task is
to decide which of the matrices in the pair match the single matrix you

were shown first,

At the start of a trial you will see a single matrix made up of red and
yellow cells, This is the sample matrix for the trial. You should do your
best to memorize the pattern of red and yellow squares in this matrix,
After you have memorized the sample matrix, prass either button on the
response box, and the sample matrix will be removed from the screen., After
a short pause, you will then see two comparison matrices on the screen,
side by side One of these two matrices will be identical to the sample
matrix that was on the screen, and the other matrix will differ slightly.
Your task is to determine which of the two comparison matrices is the one
which matches the sample matrix, If you think the matrix on the left
matches the sample matrix, press the left button on your response box; if
you think the matrix on the right matches the sample matrix, press the one
on the right. You should try to decide which matrix matches the sample one
as quickly as you can while still being accurate. If you have any ques-
tions, piease ask the experimenter now.
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v Section 26
! ITEM-ORDER TEST (UTC-PAB TEST NO. 25)
(SHORT TERM MEMORY RECOGNITION)

et PURPOSE
The purpose of the item-order test is to examine a subject's ability to

;Qd recognize strings of letters as being the same or different. Error rates
produced from this test should reflect processes of short term memory

it recognition,
:vgg NESCRIPTION
 &}§ In the item-order test, the subject sees a strinyg of 7 consonants presented
'fﬁf on the CRT., This is the target string., The target string is displayed for
vag. 2 seconds and then the CRT goes blank for 2.5 seconds. Immediately follow-
' % §= ing the blank display, a new string of letters is presented. The second
.'?@& letter string is the test string. The subject is required to indicate
I whether the test string is identical to the target string., The subjects
;igyﬁ make their response by pressing one of two buttons. One button is labeled
B “same" and the other button is labeled "different." The test string bears
3 ane of three possible relationships to the target string: (1) the two
;&éfl strinys are identical, (2) the same letters are in the two strings but the
O letters are in a different order, or (3) the two strings have different
£ letters, Both of the previous cases qualify as "different." A single
éggj taryet string-test string pair constitutes one trial. The test consists of

40 trials. The dependent variables are response accuracy and response
latency for each trial.

BACKGROUND

Recognition memory tasks, tasks involving judgements of 1dentity and famil-
iarity, are amony the most common information processiny tasks performed in
evervday life (e.g., selecting the house key from one's keyring). Recoyni-
tion nemory can be described as the mental comparison of a present stimulus
{the test stimulus) with the memorial representation ot another (the taryet
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stimulus). Mental comparisons may be either of two basic types. In the
first, the respondent is asked to simply name the test stimulus, usually
under impoverished viewing conditions. 1In the second type of recoynition,
the respondent is asked whether the test stimulus is familiar (i.e., has
the test string been seen cr heard before). This type of memory recoyni-
tion is commonly examined using some variant of a string matching task,

Current theory regarding recognition memory dictates that test stimuli are
presumed to be evaluated by the human respondent in terms of the femiliar-
ity attribute (knowledge of prior occurrence). It is commonly accepted
that the level of this attribute, relative to some criterion value, deter-
mines whether a test stimulus is regarded by the respondent as familiar or
not. One theory suggests that familiarity is a function of the frequency
with which a stimulus has been perceived: Recognition judgements are based
on the judged frequency of prior ccurrence of the target stimulus
(Underwood, 1983). Others have proposed that familiarity is mediatoed by
intraitem organization, sensory, and perceptual integrations of the ele-
ments of the target stimulus (Mandler, 1980). It follows that any changes
in the perceptual aspects of a stimulus should alter familiarity and recoy-
nition accuracy., The string matching paradigm allows control over these
variables, enabling the researcher to determine what <pecific attributes of
the target and test stimuli are encoded and retained in order to permit one
stimulus to be distinguished from another,

In string matching, the subject hears or sees two series of items in imme-
diate succession and is asked to decide whether the two series were or were
not identical. To be jurdged identical the two strings must contain exactly
the same items in exactly the same order. To be different, the strings
might consist of one or more different items, or items might ovccur in dif-
ferent orders, or both of these two conditions, The UTC-PAB item-order
test is a particular string matching task, Although no data has been pub-
lished on this version of the test, experiments have been published using
string matching tasks similar to the item-order,

Jahnke (in press) conducted several experiments using a string matching
task, In the first experiment, if target and test strings differed, it was
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only that one of the strings involved a transposition of two of the let-
ters. The location of transposed letters vaired systematically. A total
of 160 pairs of 7-letter strings were presented at a 2-letter per second
rate with a 2-second interval between letter strings and a 5-second inter-
trial silent interval during which subjects recorded their responses,
Strings were composed of letters chosen to be phonologically dissimilar,
It was expected that error rates would vary according to the location of
the transposed letters, since there is evidence that the phonological
properties of the taryet letters and the locations of the letters in the
string are important memory attributes (Drewnowski, 1980).

The results for the pairs with transposed letters indicate that error
rates are highest when certain adjacent letters are transposed. In the lay
zero conditions (zero letters separate the transposed letters), performance
was poorest for the transposition either earliest (condition two and three,
27 percent errors) or latest (condition five and six, 29 percent errors) in
the string., Performance on letters at the same !ag in the middle of the
string was relatively good. Also, performance was good for strings in
which letters in position five or six were transposed with a letter most
distant from it (high lag value). Thus, it can be conciuded that serial
position and lag play an important role in recognition memory.

The second experiment was designed to determine how sensitive respondents
are to test strings that differ from the target by the substitution of one
or more new letters (e.g., FHIXLNQ-FHJRLNQ). Because ore or more new
phonnloygyically distinct letters are introduced in the test string, tne
respondent should often correctly identify "different" pairs as "different"
when the stimuli are presented auditorially. However, recognition errors
are expected and the error rates should vary according to the location of
the suhstituted item(s). The results for strings that differed by a single
letter had an averaye error rate of 17 percent over the tive possible
serial positicns, Statistical analyses showed that none of the serial
position entries differed significantly from any other. Thus, in this
experiment, serial position of a substituted letter was not an effective
variable, When more than one letter is substituted, the error rates hecome
lower, Thus, the analysis of error rates in a cstring matching task assists
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in the understanding of basic recognition process which are critically
involved in all sorts of natural situations, including the recognition ot
faces, listening, and reading.

Another study conducted by Eichelman (1970) compared recognition pertorm-
ance of words to that of letter strings. Recognition of words and letter
strings of the same lengths (either 1, 2, 4, or 6 letters) were pertormed
tn order to determine the effect of a familiarity (words) attribute on rec-
ognition memory. Results showad that the number of letters had a siynifi-
cant effect on the number of errors where the obtained error rates for

1-, 2-, 4-, and 6-letter strings were 5 percent, 4.6 percent, 9.1 percent,
and 6.1 percent, respectively. Also, word strings were matched signit-
icantly faster than ietter strings for four and six letters, Thus, the
familiarity of words significantly increased reaction time but did not have
an effect on the number of errors, The number of errors was siyniticantly
affected by the number of letters only and not familiarity.

RELIABILITY

It is important for any test to possess a degree of consistency or stabil-
ity of scores across trials and sessions. This consistency is known as
test-retest reliability and is a measure of the degree to which performance
on the test remains constant over different testing sessions. Unfortu-
nately, no reliability studies have been conducted for string matching
tasks thus far, Therefore, there is no indication of how results obtained
on one session of the item-order test will resemble the results of other
sessions, This information would also reflect the point at which perform-
ance stabilizes and further practice has no effect on performance. A study
involving performance of the item-order test for a number of sessions for
15 consecutive days would provide the necessary test-retest reliability
information for this test.

VALIDITY

The item-order test is desiyned to place variable demands on short term
recognition memory. By replacing an item and varying the order of an item
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in a list, different recognition errors may occur reflecting these differ-
ent memory processes. Significantly different recognition errors have been
reported as a function of serial position in the list for a transposed item
and also for a replaced item (Jahnke, in press). Recognition memory has
also been shown to be dependent on familiarity of the strings and the num-
ber of items making up a string (Eichelmen, 1970). Although the procedure
is very similar, no data has been collected on the item-order test to
determine if recognition memory processes are affected. Thus, the validity
of the item-order test as a test of memory recognition must remain uncer-
tain until data can be collected and discussed in relation to findings of

similar string matchiny tasks.
SENSITIVITY

[nvestigations involving the performance of string matching tasks under the
presence of environmental stressors have not been reported in the litera-
ture to date. Research investigatiny the effects of sleep loss or druys
(e.y., diazepam, atropine, alcohol) on short term memory recognition via
the item-order test, would be appropriate and useful., Research testing the
effects of these variables on other short term memory processes (compar-
ison, recall) has been reported in the literature (e.y., Smith and Langolf,
1981; see UTC-PAR Manual No. 9: Memory Search). Although the effects of
drugs on these short term memory processes have been well dncumented, rec-
ognition processes may differ from recall processes and, thus, may be
affected in a different manner,

TECHNICAL DESCRIPTION

The letters in both the target and test strings are one inch high and are
in upper case format, The string is displayed centered on the CRT. The
strings are restricted to consonants. The consonants for each taryet
string are randomly selected from the pool of all English consonants. Each
striny is made up of seven letters. The test is composed so that half of
the trials require a “"same" response and half of the trials require a "dif-
ferent" response, The "different" trials are half item-different and half
order-different, An item-different trial is one where the test string has
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cne new latter in it that replaced a letter that was in the taryet striny,
An order-different trial is one where the test string has two items inter-
changed in their original position as compared to tne original order in the
target string. In the order-different strings the letters that are inter-
changed are always cuntiguous, The letters that are replaced or inter-
changed are selected randomly for each trial, with the restriction that the
first and last letters in the target string are never changed in the test
string. The occurrence of the “"same" and "different" trials in the test is
determined randomly.

Trial Specifications

The test consists of 40 trials (20 "same" and 20 "different" trials). A
trial consists of the presentation of one target string and its corres-
ponding test string, The target string i< presented for 2 seconds. The
CRT is blanked for 2.5 seconds followed by the prescntation of the test
string, Following the subject's response to 2 test string, a row of stars
is displayed for 500 msec to signal the start of a new tiial,

CATA SPECIFICATIONS

The subject's response accuracy and response latency for each trial will be
recorded. The measurement of response latency begins with the presentation
of the test string and concludes when the subject presses a response but-
ton. Response latency is measured with an accuracy of ]| msec, Response
accuracy is simply whether the response is correct. Completed summary
statistics include the total number »f correct responses made on the test,
the number of correct responses made on the "same" trials, the number of
correct responses made on the "item-different" trials, and the number of
correct responses made on the "order-different" trials. The median and
mean response latency for the entire test is provided as well as the median
and mean response latency for the "same" trials, "item-different" trials,
and "order-different" trials,
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TRAINING REQUIREMENTS

The instructions should be read to the subjects at the beginning of each
testing session, The training for this test is as follows: 10 practice
trials are given to the subjects following the same procedures as used in
the test proper. Hcwever, when a subject makes an incorrect response to
one of the training trials, the message "That was incorrect" will appear.
The target string and the test string will be displayed directly below the
message., This feedback screen will be presented for 5 seconds and then the

next practice trial will commence.

To summarize, the training phase for this test should consist of the

following steps:
1, Read instructions to the subjects.

2. Run practice trials and evaluate subjects' performance to ensure that

the instructions are being followed.

3. Repeat the practice trials if it appears that the subjects require
additional practice with the test.

4. Run the experimental trials., Note, if the tasks are being run over
several sessions on this test, one may oamil the practice trials after

the first session,

INSTRUCTIONS TO SUBJECTS

You will see displayed on the computer screen a string of seven letters for
a short time (2 seconds). Study the letters quickly so that you will
remember what letters were on the screen and the order in which they
appeared,  The screen will go blank for a short time and then you will see
seven more letters. Your task is to decide whether these seven letters are
exactly the same as the seven letters you just studied, If the two strings
are identical, press the button laheied "same." However, if either (1)
there is a letter in the test string that wasn't in the original string you
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studied, or (2) the letters are in a different order than they were when
you studied them, indicate this difference by oressing the button labeled
"different." In any case, please press a button as quickly as possible
without making errors, After you have pressed a button, some stars will
appear briefly on the screen; these stars mean that you should prepare to
study a new string of letters which will soon appear.
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APPENDIX A

Appendix A presents modifications to the UTC-PAB Tests that are presented
in the proposed UTC-PAB: Review and Methodology.

UTC-PAB_Test No. 6

The new version of the Continuous Recognition Test contains the following
modification relative to the version proposed for the UTC-PAB:

. The three difficulty levels are defined by the number of posi-
tions that must be maintained in memory--1, 2, or 3 posit.ons
back. In the new version the subjects will only match single

digit numbers,

The above modification is based on the results of recent research condu:ted
at AAMRL (the results of this research have not been published). The study
included 12 subjects that were tested on four consecutive days. On each
day the subjects performed four 3-minute trials for each difficulty condi-
tion (1, 7, or 3 positions bhack). The following summary statistics are the
averaye number of correct digit recognitions for the fourth day of testing:

Positions Back Averaye Percent Correct
1 96.73
? 94.13
3 89.69

The average percent correct for digit recognitions decreased as a function
of the number of positions back. The differences among the three condi-
tions are statistically significant. The recommended performance metric
for this task is the percent of correct digit recognitions per 3-minute

trials.

The new version of this test presents a significant i.provement relative to
the version that was originally recomnended for inclusion in the UTC-PAB.
The new version presents three levels of difficulty that are generated
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through the manipulation of a single variable (e.g., number of positions
back). Whereas the original version of the test involves the manipulation
of two different variables (number of digits and number of positions back)
in an unsystematic fashion. Since these two variahles are not manipulated
systematically, it is not possible to unambiguously determine which of the
two variables (number of digits or number of positions back) #s causally
related to a given performance decrement due to thc wffect of treatment or
pretreatment drug.

UTC-PAB Test No. 17

The new version of the Visual Probability Monitoring Test contains the
following modificaticns relative to the version that was originally
proposed for inclusion in the UTC-PAB:

o Pointer update rate was increased from ? per second to 5 per

second.
] The number of signals was increased to 10 per 3-minute .-ial.

° The difficulty levels are defined by the number of dials: 1, 2,
or 3 dials., The bias for siynal pointer moves is 95 percent for

all three conditions,

The above modifications are based on current research conducted at AAMRL
(Eggemeier and Ammel, 1986). The study included 12 subjects that were
tested on four consecutive days. On each day the subjects performed tour
3-minute trials for each difficulty condition (1, 2, or 3 dials). The
following summary statistics are the average reaction times 7or detecting
signals (e.g., biased pointer movements):

Number of Dials Average Reaction Time (Seconds)
1 3.54
? 4.33
3 5.07
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The ebove difiiculty levels represent conditicrs that are statistically
ditrerent with respect to reaction times tc the cdetection of signals.
Also, the error rates for the three conditions were relatively low (less
than 10 percent), The recommended performance metric for tha new version
of the Visual Probability Monitoring Test is the reaction time to signal

detection.

The new version of this test presents significant improvements relative to
the version that was originally recommended for inclusion in the UTC-PAB.
The improvements are as follows: (a) the increase in the number of siy-
nals per trial allows the use of parametric statistical tools for the eval-
uation of performance (the original version resuvlted in only three or less
signals per triail and the performance measures did not meet the require-
ments for parametric analysis); and {(b) the manipulation of task diffi-
culty is accomplished by only varying the number of signals (1, 2, or 3
dials) rather than varying number of signal sources and signal bhias. The
manipulation of number of dials and signal bias simultaneously presented
difficulties with respect to the interpretation of performance decrements
in this tuask. Since these itwo variables are not manipulated in a system-
atic fashion, it is not possible to unambiguously determine which of the
two variables (number of dials or signal bias) is causally related to a
given performance decrement due to the effect of treatment or pretreatment
drug. The new version of this test does not present the above interpre-
tation problem since only one variable (number of dials) is systematically
manipulated to produce the three difficulty levels,

UTC-PAB Test No. 22

The new version of the Unstable Tracking Test contains the following modi-
ficatiuns relative to the version originally proposed for inclusion in the
UTC-PAB:

) The difriculty levels are lambdas of 1, 2, and 3 for the low,
mediumn, and high difficulty conditions,
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) The tracking cursor moves in a horizontal direction rather than
vertically as in the original version of the test.

The above modifications are based on the results of recent research con-
ducted at AAMRL (the results of this research have not heen published).
The study included 12 subjects that were tested on tour consecutive days.
The subjects performed four 3-irinute trials for each difficulty condition
(1amhdas of 1, 2, or 3). The fullowing summary statistics are the average
number of edge violations and RMS error for the fourth day of testiny:

Average Number Average
l.ambda of Edge Violations RMS Error
1 0.26 7.09
2 9.29 22.06
3 48.7¢% 34,98

The average number of edge violatiors and RMS error increased as a function
of the value of lambda, RMS error is the recommended metric for this

test. The differences between the three difficulty conditions are statis-
tically reliable and the relationship between RMS ecror and lambda is

linear,

The new version of the Unstable Tracking Test presents an improvement rela-
tive to the version that was criginally proposed. The new version vresents
the tracking stimulus such that operator irputs and stimulus movements are
mapped in a compatible manner (e.g., a leftward movement of the tracking
controller translates to a leftward mevement of the tracking cursor).

Also, the difficulty levels represent increments in task demand that are
evenly spaced (the original version used lambda values of 1, 2, and b),
Alsc, the above improvements present three levels of tracking difticulty
that require nearly the same amount of training to reach stable performance

(twelve 3-minute trials per condition).
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